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BRIDGE INSPECTION MANUAL

Preface

Every effort has been made to develop a complete and comprehensive manual which covers the most
common situations faced by the DelDOT Bridge Inspection Program; however, this manual cannot
supplant proper bridge inspection training or the exercise of good engineering judgement by inspectors
and Professional Engineers, especially in cases involving public safety.

Techniques, standards, policies, and technology for bridge inspection and condition reporting constantly
evolve. In order to remain current, this document will be updated over time to reflect the industry’s
changing practices. Updates will be distributed by the Bridge Inspection Engineer when appropriate.

Comments and suggestions for improvement of this Manual should be forwarded to the Bridge

Inspection Engineer.
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1.1 Purpose

The inspection of bridges has historically played, and will continue to play, an important role in assuring a
safe transportation system for citizens, commercial and industrial businesses, government agencies,
military forces, and emergency agencies nationwide. As bridges continue to age and deteriorate, an
accurate and thorough condition assessment of each bridge structure is critical in maintaining a safe,
functional, and reliable highway network.

Delaware currently has over 1,600 bridges in its State Bridge Inventory. The Delaware Department of
Transportation (DelDOT) is charged with inspecting and reporting the condition of those structures to
help maintain the highway network. This manual, in concert with the Bridge Element Inspection Manual
(BEIM), has been prepared to assist DelDOT, its inspectors, and its consultants in the inventory,
inspection, and appraisal of highway bridges on public roadways in the State of Delaware.

The objectives of this Manual are to:

Maintain a current inventory of Delaware’s bridges and their condition.
Define proper inspection procedures and techniques.
Outline uniform, appropriate, and accurate reporting practices.

e e

Ensure the safety of the traveling public on Delaware’s bridges.
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1.2 Applicability

The majority of bridge structures in Delaware are owned and operated by DelDOT, but can be owned by

cities, railroads, Delaware River and Bay Authority (DRBA), Delaware Department of Natural Resources
and Environmental Control (DNREC), U.S. Army Corps of Engineers (USACE), or other private owners. This
manual applies to the inspection of all bridges located on or over public roads in the State of Delaware as
defined in Sections 1.2.3 and 1.2.4, however, portions of this manual may not be applicable to private
owners, and these exceptions will be identified throughout the manual.

1.2.1 National Bridge Inspection Standards

The National Bridge Inspection Standards (NBIS), 23 C.F.R. §650 Subpart C, set the criteria for the proper
safety inspection and evaluation of all highway bridges in the United States in accordance with
23 U.S.C. §151. This document requires the bridge owners to have a bridge inspection program in place
and, as part of that program, maintain a bridge inventory and establish inspection policies and
procedures. The NBIS also sets minimum requirements for qualifications of personnel, inspection
frequency and inspection procedures on those bridges with federal reporting requirements.

The NBIS also establishes the National Bridge Inventory (NBI), the aggregation of structure inventory and
appraisal data collected by each state to fulfill the requirements of the NBIS. The data elements to be
recorded in the NBI are published in the Federal Highway Administration’s (FHWA) Recording and Coding
Guide for the Structure Inventory and Appraisal of the Nation’s Bridges (NBI Coding Guide). Section 3.4.2
covers entry of this data required by the NBIS, and the NBI Coding Guide is included in Appendix C.

As referenced in the NBIS, the American Association of State Highway Transportation Officials (AASHTO)
Manual for Bridge Evaluation (MBE) provides general inspection standards to create uniformity in the
procedures and policies for determining the condition, maintenance needs, and load capacity of the
nation’s highway bridges.

1.2.2 Delaware Code

Delaware Code Title 17 §529 defines the inspection requirements for bridge owners within the State as
related to the NBIS and authorizes DelDOT to oversee the inspection scheduling and reporting for bridges
owned by entities other than the Department that lie within the State’s boundaries. The full text of Title
17 §529 is included in Appendix C.

1.2.3 NBI Bridges
Bridges required as part of the NBI include:

e Highway bridges located on public roads, regardless of ownership

e Structures, including supports, erected over a depression or an obstruction such as water

e Highway or railway with tracks or passageways for carrying traffic or other moving loads on a
public roadway and with openings measured along the center of the roadway of more than 20
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feet between undercopings of abutments, spring lines of arches, or the extreme ends of openings
for multiple boxes

e Multiple pipe structures where the clear distance between pipe openings is less than half of the
smaller pipe diameter(s), and the combined structure exceeds 20 feet in total span length

1.2.4 Non-NBI Bridges
DelDOT policy also applies to non-NBI bridges including:

e State-owned bridge and culvert structures having an opening of greater than 20 square feet, and
a minimum vertical opening of 48 inches

e Pedestrian structures over State maintained public roadways, regardless of ownership

e DelDOT owned pedestrian structures over waterways

e Railroad bridge structures over public roadways

While there are no federal NBI reporting requirements for State-owned bridge and culvert structures or
DelDOT-owned pedestrian structures over waterways, they are still included in DelDOT’s bridge
inventory. The NBIS does not require under record reporting for railroad and pedestrian bridges over
highways.

Specific requirements and differences for non-NBI bridges are noted where appropriate in this manual.
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1.3 Definitions and Abbreviations

AASHTO — American Association of State Highway and Transportation Officials
ASNT — American Society for Nondestructive Testing

Base Highway Network - The Base Highway Network includes the through lane (mainline) portions of the
NHS, rural/urban principal arterial system and rural minor arterial system. Ramps, frontage roads
and other roadways are not included in the Base Network.

BDM — Bridge Design Manual, DelDOT

BEIM — Bridge Element Inspection Manual, DelDOT
BIE — Bridge Inspection Engineer

BIRM — Bridge Inspector’s Reference Manual, FHWA
BME — Bridge Management Engineer

Bridge (Federal) — Structures, including supports, erected over a depression or an obstruction such as
water, a highway or a railway with tracks or passageways for carrying traffic or other moving loads
on a public roadway and with openings measured along the center of the roadway of more than 20
feet between undercopings of abutments, spring lines of arches, or the extreme ends of openings
for multiple boxes. The term “bridge” shall also include multiple pipe structures where the clear
distance between pipe openings is less than half of the smaller pipe diameter(s), and the combined
structure exceeds 20 feet in total span length.

Bridge (Private) — Any structure not owned by the State or municipality carrying vehicular or pedestrian
traffic on or over a State maintained or public roadway regardless of length of bridge.

Bridge (State) — All structures meeting the federal definition of a bridge, all State-owned bridge and
culvert structures having an opening of greater than 20 square feet, and a minimum vertical opening
of 48 inches, State-maintained pedestrian structures over roadways, and DelDOT owned pedestrian
bridges over waterways.

Bridge Management System (BMS) — A system designed to optimize the use of available resources for the
inspection, maintenance, rehabilitation, and replacement of bridges. DelDOT utilizes AASHTO BrM.

C.F.R. — Code of Federal Regulations

Critical Bridge Action Form (CBAF) — Form that documents critical bridge inspection findings and any
associated follow-up actions.

Condition State (CS) — Used to describe the condition severity during an element level bridge inspection.
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Culvert — A structure designed hydraulically to take advantage of submergence to increase hydraulic
capacity. Culverts, as distinguished from bridges, are usually covered with embankment and are
composed of structural material around the entire perimeter. Depending on the length, culverts may
be classified as NBI or State-owned structures and included in the bridge inventory.

DelDOT — Delaware Department of Transportation

DNREC — Delaware Department of Natural Resources and Environmental Control
DRBA — Delaware River and Bay Authority

FHWA — Federal Highway Administration

Fracture Critical Bridge — A bridge that contains one or more fracture critical members.

Fracture Critical Member (FCM) — Any steel member in tension, or with a tension element, whose failure
would cause a portion of or the entire bridge to collapse.

GPR — Ground-Penetrating Radar

IE — Impact Echo Testing

IFRC — Inspection Field Review Checklist

IP — Improvement Plan

IR — Infrared Imaging

IRIB — Indian River Inlet Bridge (Charles W. Cullen Bridge)
LRE — Load Rating Engineer

MBE — Manual for Bridge Evaluation, AASHTO

MPT — Magnetic Particle Testing

MUTCD — Manual on Uniform Traffic Control Devices, FHWA

National Bridge Inspection Standards (NBIS) — Federal regulations establishing requirements for
inspection procedures, frequency of inspections, qualifications of personnel, inspection reports, and
preparation and maintenance of a State bridge inventory. The NBIS apply to all structures defined as
bridges located on all public roads.

National Bridge Inventory (NBI) — The aggregation of structure inventory and appraisal data collected to
fulfill the requirements of the National Bridge Inspection Standards. DelDOT shall prepare and
maintain an inventory of all bridges subject to the NBIS.
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NBI Coding Guide — Recording and Coding Guide for the Structure Inventory and Appraisal of the Nation’s
Bridges, FHWA

NBIP — National Bridge Inspection Program

NDE — Non-Destructive Evaluation

OSHA — Occupational Safety & Health Administration
PCA — Plan of Corrective Action

PE — Professional Engineer

POA — Plan of Action

PPE — Personal Protective Equipment

Public Road — Any road under the jurisdiction of and maintained by a public authority and open to public
travel.

QA/QC — Quality Assurance / Quality Control

QARR — QA Inspection Review Report

QCRR = QC Inspection Report Review Form

SDR — Structural Data Report

SI&A — Structural Inventory and Appraisal

SPRAT — Society of Professional Rope Access Technicians
SR — Sufficiency Rating

Thalweg — A line connecting the lowest points of a waterway.
TL—Team Leader

TM —Team Member

TMC — DelDOT Transportation Management Center

TTC — Temporary Traffic Control

UBIV — Under Bridge Inspection Vehicle

USACE — United States Army Corps of Engineers

UT — Ultrasonic Testing
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2.1 Organization Chart

Below is DelDOT’s Bridge Management Section organization chart.

Bridge
Management
Engineer

Bridge Bridge
Inspection Maintenance
Engineer Engineer

Load Rating
Engineer

LRE

Consultant Engineer Technician Engineer Load
Inspectors Inspectors Inspectors Raters

Casual/
Seasonal
Engineer
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2.2 Roles and Responsibilities of Inspection Personnel

DelDOT’s Bridge Inspection Program is comprised of many individuals in various roles. The following
sections define the responsibilities of those individuals as they relate to the bridge inspection.

2.2.1 Bridge Management Engineer

The Bridge Management Engineer (BME) reports directly to the Assistant Director of the Bridge
Department and is responsible for overseeing DelDOT’s Bridge Management Section which includes the
Bridge Inspection, Load Rating, and Bridge Maintenance Programs. The BME’s role in the Bridge
Inspection Program is to assure that the goals of the Bridge Management Section are being accounted for
and procedures for the Load Rating and Maintenance Programs are being implemented properly in the
inspection and inspection reporting processes.

The BME assists with Quality Assurance (QA) process for the Bridge Inspection and Load Rating Programs.
QA responsibilities related to the Bridge Inspection Program for the BME can be found in Section 4.3.5.2,
whereas, QA responsibilities of the BME related to the Load Rating Program can be found in Section 108
of the BDM. The BME also assists the BIE and LRE in developing and updating associated process and
procedural documents.

Bridge load posting/restriction responsibilities solely reside with the BME. The BME is required to
perform QA on all load rating analyses that result in the bridge being posted. If the bridge is required to
be restricted for load upon completion of the BME’s QA of the load rating, then the BME will assemble
the load posting resolution and distribute amongst required internal Department staff and outside
agencies. The BME is also responsible for following-up to make sure the correct posting signs were placed
in the proper locations.

2.2.2 Bridge Inspection Engineer

The Bridge Inspection Engineer (BIE) is responsible for overseeing DelDOT’s Bridge Inspection Program
which includes the Department’s inspectors and consultant inspectors. The BIE serves as the point of
contact for most in-house and consultant inspection activities involving coordination, critical conditions,
and reporting and is ultimately responsible for the successful and timely completion of inspections,
maintaining the bridge inventory and records, and administering the Quality Control and Quality
Assurance programs.

Quality Control, Quality Assurance, and safety responsibilities for the BIE can be found in Sections 4.2.2.3,
4.3.5.1,and 5.2.2, respectively.

2.2.3 Bridge Inspection Team Leader

The Bridge Inspection Team Leader (TL) is responsible for planning and performing a bridge inspection
and preparing the inspection report. This may include coordinating traffic control, arranging for
appropriate access equipment, obtaining right of entry to property below and around the structure, and
other duties related to performing the bridge inspection. The TL may assign inspection tasks but is
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responsible for their completion as well as reviewing and signing off on the final report upon submission
to and subsequent approval of the BIE.

Quality Control and safety responsibilities for the TL can be found in Sections 4.2.2.2 and 5.2.1,
respectively.

2.2.4 Bridge Inspection Team Member

The Bridge Inspection Team Member (TM) is responsible for assisting the TL in their duties planning and
performing the inspection and preparing the inspection report. This may include gathering, preparing,
and reviewing documents prior to the bridge inspection, any duties involved in performing the inspection,
preparation of the inspection report or completing other inspection-related tasks assigned by the TL.

Quiality Control responsibilities for the TM can be found in Section 4.2.2.1

2.2.5 Load Rating Engineer

The Load Rating Engineer directly oversees the Load Rating Program with responsibilities that include the
following activities:

e Perform Load Rating Analyses

e Maintain and assign load rating schedules amongst load rating and engineering bridge inspection
staff.

e Provide Quality Control review for all in-house and consultant completed load rating analyses.

e Provide guidance and training to load rating and engineering bridge inspection staff.

e Assist in updating load rating policies and procedures.

e Communicate and coordinate load rating activities and issues related to new bridge design or
rehabilitation projects with Bridge Design Staff.

e QOversee research projects associated with load rating activities.

e Assist in the load rating evaluation of Bridge Management maintenance and paint projects as
needed.

e Maintain, update, and troubleshoot load rating software.

Discussion of responsibilities for the Load Rating Engineer can also be found in Section 108 of the BDM.

2.3 Qualifications of Inspection Personnel

The NBIS establishes minimum qualifications for personnel performing bridge inspections. DelDOT has

adopted those requirements and augmented the qualifications for individuals performing routine,
underwater, fracture critical, and complex bridge inspections as well as non-destructive evaluation.

Qualifications of inspection personnel have been defined as part of the bridge inspection Quality Control
program and can be found in Section 4.2.3.
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3.1 Inspection Types

The type of inspection a bridge receives may vary over its useful life to reflect the intensity of evaluation
required at a particular time. In the Bridge Inspector’s Reference Manual (BIRM) FHWA recognizes several
basic types of bridge inspection. DelDOT augments those types to cover all situations in the State. The
requirements for each inspection type, including levels of access, detail, and testing, are included below.

As part of any type of inspection, some pre-inspection activities may be required and include, but are not
limited to:

e Approximately two to four weeks prior to the scheduled inspection date, the TL should visit the
bridge to check for the presence or extent of vegetation, debris, or water that may present a
safety concern or access issue for the inspection team. The TL should inform the BIE to address
any concerns.

e Assess the bridge and adjacent area for current or future construction activities.

e Evaluate equipment, personnel, and access needs.

e Assess water levels or tide charts.

3.1.1 Inventory Inspections

An inventory, or initial, inspection should be performed and finalized in the database within 90 days after
completion of work for a new structure or bridge project in which the configuration, material, or design
type has changed or been modified in order to document its permanent characteristics and to provide an
initial appraisal and baseline of the structure’s condition. Completion of work typically corresponds to
when the bridge is opened or reopened to traffic. Inspectors should identify any members or details that
have been repaired, retrofitted, replaced, or require special attention in future inspections, such as those
that are fracture critical.

Per the NBIS, DelDOT is mandated to update and report Structure Inventory and Appraisal (SI&A)
information for each NBI length bridge within the state, regardless of ownership. SI&A data items are
defined in FHWA’s NBI Coding Guide. DelDOT collects and updates SI&A data for non-NBI length bridges
as well as state-maintained railroad bridges, but does not report this data to the FHWA. Section 3.5.2
covers NBI coding in BrM. All applicable SI&A items will be populated during this inspection and/or during
the BIE’s review. The BIE is responsible for assigning bridge numbers.

Items that are generally specific to an inventory inspection include:

e |dentification — Bridge ID, feature carried, feature crossed, and location information
e Structure Type and Material — Bridge design and materials, including wearing surface
e Navigation Data — Clearances for vessels on the waterway below, if applicable

e Age and Service — Year built, traffic information, travel lanes, and detour length

e (lassification — Classifications of the bridge and feature carried
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e Geometric Data — Dimensions of the bridge, roadway, and underclearances (typically taken from
the plans and field verified as-needed)
e Load Capacity —HS20 and HL93 Inventory and Operating Ratings and DE Legal Load Restrictions

Refer to the NBI Coding Guide for proper SI&A data selection. Additional SI&A data clarification and
resource information can be found in Appendix C.3, which is a modified version of the NBI Coding Guide
with DelDOT commentary. Various agency data fields exist within BrM and shall be properly coded during
the inventory inspection per the figures in Appendix B.3. Any NBI or agency data field coding questions
shall be brought to the attention of the BIE.

DelDOT utilizes element level assessment and reporting for bridges in its inventory. The initial element
level assessment is accomplished visually with hand-on inspection techniques used at important locations
of the structure such as bearings, along the length of all fracture critical members, fatigue prone details of
Category D, E or E’, and complex or unusual connections and details. The inspector may also find it
necessary to use hands-on techniques to inspect additional areas as a result of observed construction
defects or issues noted during the inventory inspection. Elements and coding are defined in DelDOT’s
Bridge Element Inspection Manual (BEIM). During or prior to an inventory inspection, inspectors should
select appropriate elements for the structure and define their quantities and scale factors. Any bridge
element selection questions shall be brought to the attention of the BIE. Section 3.3 defines visual and
hands-on inspection techniques, and Section 3.5.1 covers element level coding in DelDOT’s Bridge
Management Software (AASHTO BrM).

In addition to the inventory items reported, DelDOT requires specific photographs from the inventory
inspection to fully document the new structure. Section 3.5.4 specifies the photographs required for each
inspection type.

3.1.2 Routine Inspections

A routine inspection is performed during the regular inspection cycle for all State-owned bridges. All
exposed elements of the structure should be inspected to determine the physical and functional
condition of the bridge. Conditions that may warrant a structural evaluation, affect the traffic safety
features of the bridge, affect the rideability of the bridge, or present an immediate concern for the
structural stability or safety of the bridge should be noted and immediately communicated to DelDOT.
Any critical bridge finding shall follow the protocol as described in Section 3.5.7.

Routine inspections are performed visually with hands-on techniques used at, but not limited to,
important locations of the structure such as high moment or shear regions, changes in cross section,
previously identified deficiencies, along the length of all fracture critical members, fatigue prone details of
Category D, E or E’, and those members governing load posting restrictions. The inspector may also find it
necessary to use hands-on techniques to inspect additional areas as a result of defects or deficiencies
noted during the current inspection. Section 3.3 covers inspection procedures and defines visual and
hands-on inspection techniques.
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Inspection of underwater elements is usually limited to observations during low-flow and probing for
signs of undermining of pier or abutment footings. In wadable water an inspection of underwater
elements can be accomplished from above the water surface visually, tactilely, or with a probing rod and
should be done during all routine inspections. Soundings should be taken to monitor the condition of the
channel bottom along substructure units, center of channel, and at previously identified scour locations.
If water depth and flow prevents access with chest waders to structural elements (generally 3-4 feet of
water depth depending on flow velocity), inspection of underwater elements may be accomplished
through the use of a boat when sufficient clearance is available. If neither waders nor a boat provides
sufficient access, an underwater inspection may be necessary (see Section 3.1.4).

Routine inspection frequency is typically 24 months for NBI structures and 48 months for non-NBI
structures but can vary based on condition and configuration with an increase in frequency for lower
condition ratings. For bridges with NBI condition ratings of 6 or greater, the bridge may be visually
inspected in every other routine inspection when deemed appropriate by the BIE; this typically pertains
to bridges requiring UBIV or bucket truck/lift access, bridges that span over railroads or roadways, and
low clearance structures, where access restrictions are a concern. Ladders may be used during a visual
inspection to access pier or abutment bearings for simple span configurations. The following routine
inspection will typically utilize lift-type access equipment to perform a more hands-on inspection of the
bridge superstructure and substructure units. Similarly, underwater inspectors are used for the following
routine inspection of low clearance bridges. Section 3.1.9 defines DelDOT'’s inspection frequencies.

3.1.2.1 Low Clearance Inspections

A low clearance bridge refers to those structures that require diving and/or confined space technigques to
access the bridge in and outside the water for inspection because of a limited vertical clearance between
the waterline and the bottom of the superstructure or deck. The frequency of low clearance inspection
follows that of a routine inspection for portions of the bridge outside the water or confined space, while
the inspection frequency for the underwater portions of the bridge follows that of an underwater bridge
inspection. Inspections should occur at the appropriate frequency based on the bridge classification and
condition per Section 3.1.9. Underwater inspectors are required for a hands-on inspection of a low
clearance bridge inspection due to the restricted means of access, so inspector qualifications mirror those
of an underwater inspection. Low Clearance Inspection Procedures have been established for each low
clearance bridge and include inspector qualifications, specified inspection procedures, and guidance for
assigning inspection frequency. These procedures can be found in the bridge file. Section 4.2.3.1 states
the qualifications of underwater bridge inspectors. Selecting the Underwater inspection type within
DelDOT’s BMS for a low clearance inspection signifies that the respective Low Clearance Inspection
Procedures were followed during the inspection.

3.1.3 Fracture Critical Inspections

A fracture critical inspection focuses on fracture critical elements and their associated fatigue prone
details of a Fatigue Category D, E or E’ of the bridge structure. These elements and details are identified in
the Fracture Critical Detail Sheet(s), and inspection procedures are provided in the Fracture Critical
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Inspection Procedure document for each corresponding fracture critical bridge. Inspection of fracture
critical members must be hands-on and may require additional cleaning, clearing, or access methods
prior to or during the inspection to maintain inspector safety and ensure that all elements are inspected
at an arm’s length. Non-destructive evaluation (NDE) may be used where defects have been identified in
the past or when inspectors identify potential defects in the field. Previously identified crack locations
shall be checked, measured, and marked on the member with permanent marker noting the end of the
crack and date of inspection. All defects shall be documented in the inspection report.

A fracture critical inspection occurs as part of the routine inspection, but may require an increased
frequency due to the condition of the fracture critical members. Section 3.1.9 defines DelDOT’s
inspection frequencies. Additional personnel requirements for fracture critical inspections are identified
in the Fracture Critical Inspection Procedures for each fracture critical bridge. These procedures can be
found in the bridge file. Section 4.2.3.2 also covers the qualifications of fracture critical bridge inspectors.
Selecting the Fracture Critical inspection type within DelDOT’s BMS signifies that the respective Fracture
Critical Inspection Procedures were followed during the inspection.

3.1.4 Underwater Inspections

An underwater inspection is intended to capture the condition and depths of the channel bottom, scour
locations, and condition of bridge components below the high waterline. In water greater than 4 feet in
depth, an underwater inspection may require diving or other appropriate techniques. Underwater
inspections are typically completed on a 48 month basis but may require an increased frequency as a
result of the substructure rating based upon the underwater portions of the substructure element.
Additional qualifications and requirements for underwater inspection personnel have been established.
This is documented in the Underwater Inspection Procedures that have been established for each bridge
requiring an underwater inspection and can be found in the bridge file. These procedures also identify
which specific substructure components are to be assessed during the underwater inspection along with
specified inspection procedures and guidance for assignment of the underwater inspection frequency.
Section 3.1.9 defines DelDOT’s underwater inspection frequencies, and Section 4.2.3.1 covers the
qualifications of underwater bridge inspectors.

3.1.5 Special Inspections

A special inspection is scheduled at the discretion of the BIE and is typically used to monitor known or
suspected defects. An NBI condition rating of 3 or lower will typically trigger a special inspection;
however, there may be instances where a special inspection is required for a NBI rating of 4 or higher.
This may include inspection of a single member, connection, or areas of scour. Deterioration or damage
that affects load carrying capacity, results in bridge closure, or results in lane closure on or under the
bridge may be grounds for a special inspection.

The BIE will select appropriate personnel qualifications, frequency, and reporting guidelines of special
inspections based on bridge type, elements to be inspected, and nature of the deficiency. Special
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inspections are performed independent of the routine inspection since they are generally focused on
particular elements.

3.1.6 Complex Bridges

Complex bridges include movable, suspension, cable stayed, and may include other bridges with unusual
characteristics. DelDOT currently has a total of nine (9) bridges that meet this classification. This list
includes seven (7) movable bridges with fracture critical members, one movable bridge without fracture
critical members, and the IRIB, which is cable stayed. Section 4.2.3.3 covers the inspector qualifications
for each complex bridge type. All complex bridge inspections will follow the requirements of inventory,
routine, fracture critical, and underwater inspections as appropriate. Specific Complex Bridge Inspection
Procedures have been created for each of the nine (9) bridges and include inspector qualifications, access
requirements, specialized testing procedures, and inspection frequency requirements. In addition,
Interaction of Structural and Mechanical Systems Inspection Procedures have been created for the eight
(8) movable bridges and focus on the locations of the bridge where the structural and mechanical
systems interact with each other.

In order to confirm that the complex bridge inspection procedures and Interaction of Structural and
Mechanical Systems Inspection Procedures were followed, the TL shall make the following note in the
Inspections Notes tab in DelDOT’s BMS: “The inspection adhered to the protocol identified in the complex
bridge inspection procedures.” This will be displayed on the SDR sheets of the finalized inspection report
and initialed by the TL.

3.1.6.1 Movable Bridges

Movable bridges require inspections of structural, mechanical, and electrical elements. In addition to the

requirements set forth in this manual, movable bridge inspections should comply with the specifications
of AASHTQ’s Movable Bridge Inspection, Evaluation, and Maintenance Manual.

The structural portion of the inspection shall follow the requirements of the inventory, routine, fracture
critical, and underwater inspections as appropriate. Specific inspection procedures have been created for
each of the eight (8) movable bridges and include inspector qualifications, access requirements,
specialized testing procedures, and inspection frequency guidance. Additional inspection guidance
regarding the structural and mechanical interaction for all movable bridges has been established, is in the
inspection file, and can be made available by the BIE to consultant inspection teams for use in the
structural inspection.

The electrical and mechanical inspections are typically carried out by a consultant specializing in the
inspection, design, and maintenance of such structures. There are two types of inspections pertaining to
the electrical and mechanical components, routine and in-depth. The inspection procedures for both
types should adhere to the specifications of AASHTO’s Movable Bridge Inspection, Evaluation, and
Maintenance Manual.
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Inspectors should coordinate with the BIE and the corresponding Maintenance District to ensure an
operator will be available when test openings are required or to obtain access to locked areas of the
structure. Approximately 2-4 weeks prior to the scheduled inspection date of a movable bridge, the TL
should visit the bridge to check for the presence or extent of debris in the pits. If debris, water, or bird
droppings present a safety concern or access issue for the inspection team, the TL should inform the BIE
that the pits need to be cleaned. When on site the inspection team should utilize appropriate safety
techniques such as maintaining constant contact with the bridge operator and following lock-out/tag-out
procedures when necessary. Lock-out/tag-out procedures have been identified for each movable bridge
in its Operation and Maintenance Manual, available through the BIE.

3.1.6.2 Cable Stayed Bridges

IRIB is currently the only cable stayed bridge in DelDOT’s inventory. In addition to the requirements set

forth in this manual, IRIB inspections should comply with the specifications of the specific Complex Bridge
Inspection Procedures for this bridge and the IRIB Manual for Inspection and Maintenance.

3.1.7 Closed Bridges

Public bridges closed to vehicular and pedestrian travel as a result of deterioration or damage and not
currently under construction are not required to be inspected while closed unless the BIE determines that
special circumstances exist that warrant otherwise, such as a closed bridge in poor condition that spans
over a roadway. In such cases, the BIE will identify and document in BrM, the appropriate frequency,
procedures, and documentation requirements on a case-by-case basis.

Public bridges that have been closed to vehicular traffic but are still used for pedestrian traffic shall
receive a special inspection as part of the DelDOT inspection program. In such cases, the BIE will identify
the appropriate frequency, procedures, and documentation requirements on a case-by-case basis.

3.1.8 Bridges under Construction

When any portion of a bridge is open to public travel while under construction, that portion of the bridge
is still subject to the bridge’s inspection and reporting frequency. Extra coordination efforts may be
required to avoid interfering with or interference from construction activities. Due to possible safety
concerns, access restrictions, and temporarily modified bridge components resulting from construction
activities, modified inspection procedures may be incorporated as specified by the BIE.

Portions of a bridge under construction and not open to public travel shall receive a visual assessment to
identify obvious defects or deterioration, as long as it is safe to do so. In addition, the Inspection Team
may work with the corresponding Construction Inspector to identify any bridge related issues until travel
lanes have reopened. Once reopened, the bridge may be subject to an inventory inspection if the
configuration of the structure has changed and requires updated inventory item coding. Inspectors
should verify all SI&A information using plans and field observations and update or note changes in the
inspection report. The BIE will review the SI&A data prior to finalizing the inspection report in the
database.
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3.2 Inspection Frequencies

Inspection frequencies will vary based on the configuration of the bridge and its condition. The following
tables list the inspection frequencies for both NBI and non-NBI bridges for routine, fracture critical (FC),
underwater (U/W), and special inspections.

Prior approval must be received from the FHWA Bridge Safety Engineer through FHWA Division Office, if
a bridge owner believes it has justification to delay an inspection of an NBI length bridge so that it would
be delinquent. If approval isn’t granted from the FHWA Bridge Safety Engineer through FHWA Division
Office prior to the next inspection date plus 1 month, the inspection won’t be in compliance with the
NBIS.

Pedestrian bridges and state-maintained substructures of specific railroad bridges will follow the same
policy as a non-NBI bridge.
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Inspection Frequency Guidance for NBI Bridges

Routine Inspection
Frequency

(NBI Item # 91)

Fracture Critical

Inspection Frequency

(NBI Item # 92A)

Underwater Inspection

Frequency

(NBI Item # 92B)

Special Inspection
Frequency

(NBI Item # 92C)

. Sub- .
Condition Super- Condition
) . . structure ) ) )
Ratings Inspection structure Inspection Culvert Inspection Ratings Inspection
or Culver
(NBI Items | Frequency Rating Frequency Rati Frequency | (NBIItems | Frequency
ating
58, 59, 60, (months) (NBI Item (months) (NBI It (months) 58, 59, 60, (months)
ems
or 62) 59) or 62)
60 or 62)
>5 24 >6 24 >6 48 <4 12
<4 12 <5 12 =5 24
<4 12 Notes 1,2 and 3
Notes 1 and 2 Note 1
Note 1

Inspection Frequency Guidance for Non-NBI Bridges

DelDOT

Routine Inspection Fracture Critical Underwater Inspection Special Inspection
Frequency Inspection Frequency Frequency Frequency
(NBI Item #91) (NBI Item # 92A) (NBI Item # 92B) (NBI Item #92C)
» Sub- »
Condition Super- Condition
) . . structure ) ) )
Ratings Inspection structure Inspection or Culvert Inspection Ratings Inspection
(NBI Items Frequency Rating Frequency Rating Frequency (NBI Items Frequency
i
58, 59, 60, (months) (NBI Item (months) (months) 58, 59, 60, (months)
(NBI Items
or 62) 59) or 62)
60 or 62)
26 48 26 24 26 48
=5 24 =5 12 =5 24
Notes 1 and 5
=4 12 <4 6 <4 12
3or2 6 Note 4 Notes 1 and 10
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Inspection Freqguency Guidance Notes:

1. In general the tables above are used for inspection frequency selection. However, for some
situations the BIE may select differing inspection frequencies and will provide justification within
the structure notes. Example: U/W inspection team assigns substructure NBI condition rating a
“6” for components under water. However, previous routine inspection assigned the NBI
substructure condition rating a 4 based on deterioration of substructure outside the water. Since
portions of the substructure below water are in satisfactory condition (NBI=6), the U/W
inspection frequency remains at 48 months.

2. If the structure is not a culvert and the NBI Items # 58, 59, 60 and/or 62 are 4 or less, then a
Special Inspection of specific elements may be implemented at the reduced inspection frequency.
Special Inspections include inspection of a single member or connection that is cracked or
severely deteriorated. It may also include inspection of extensive scour affecting the
substructure. In general, a Special Inspection would be required for any deficiency causing an NBI
condition rating of a 3 or less, but may be used for an NBI condition rating of a 4 if the
defect/deterioration is localized, and inspecting the entire bridge at an increased routine
inspection frequency is not cost effective or feasible. It may be possible that a special inspection
is required by the BIE to monitor a specific location, element, or detail that is causing the bridge
to be posted, but the condition may be in a fair or good condition due to non-structural repairs
that were made.

3. A special inspection may be created if significant damage caused by traffic impact has affected
load capacity or has caused closure of the bridge or reduction in the number of lanes on or under
the bridge. Determination of whether or not a special inspection is required will be made on a
case-by-case basis by the BIE.

4. The inspection frequency for non-NBI bridges can be increased to 6 months, since the structure is
small enough and does not have a big effect on manpower and/or inspection schedules.

5. Typically non-NBI bridges do not receive special inspections due to their small size and a lack of
need; however, a special inspection may be scheduled at the discretion of the BIE.

6. Pin and hanger ultrasonic testing is performed in the same year as the routine inspection, unless
the BIE determines that an increased frequency is needed.

7. DelDOT-owned pedestrian bridges are to follow the policy as non-NBI bridges. Privately-owned
pedestrian bridges are allowed to have a 60 month inspection frequency as long as NBI Items #
59, 60, and 62 condition ratings are 6 or higher; otherwise, inspection frequency is to follow the
policy of a non-NBI (State-length) bridge.

8. Inspection frequencies for state-maintained substructure portions of railroad bridges will follow
the policy as a non-NBI (State length) bridge.

9. Ultrasonic testing of bolts for bolted on/through parapets will be considered as part of the
routine inspection, and 25% of the bolts will be tested during the routine inspection. If defective
bolts are found, the BIE may require testing of additional bolts.

10. Underwater inspections for non-NBI bridges are identified as Low Clearance Bridges.
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3.3 Inspection Procedures

This section is intended to serve as an overview of visual and hands-on inspection of typical material
types and elements for DelDOT inspections. It follows the layout of elements in the BEIM and highlights
Department-specific resources, forms, maintenance reporting, and notification procedures where
necessary. Inspectors shall record defects as described in the BEIM for the appropriate elements,
including location, orientation, and corresponding dimensions.

When reporting section loss, inspection personnel shall ensure that the information collected is of
sufficient detail to accurately document the deterioration. Measurements shall always be taken in a
manner which is repeatable for future inspection teams. If feasible, mark where the controlling
measurements were taken on the member in the field, so that future inspections teams can track any
progressions in deterioration. Information collected shall include, but not be limited to:

e Field verified original cross section

e Member identification (example: Span 1, Girder 4, Bottom Flange)

e Location of section loss (relative to a fixed point, example: centerline bearing, diaphragm, etc...)
e Size of section loss including 3 dimensions (example: 4” Hx 10" L x 1/4" D section loss)

If a load rating analysis is warranted (CS4), then pertinent information shall be reported in detail on the
Beam or Girder sketch sheets found in Appendix A of this manual. When sketches are used to identify
section losses, refer to the sketch in the element condition notes and document losses as a calculated
percentage of either section loss or section remaining based on the original cross section. In situations
where section loss may not warrant analysis or is general in nature, record the pertinent deterioration
information within the condition notes for the appropriate element. Refer to the BIRM and the MBE for a
complete discussion of inspection techniques.

Visual inspection is defined by proximity greater than an arm’s length from a bridge component, but a
distance sufficient enough to permit clear visual identification of defects. Inspection can be performed
from the deck surface, ground, or access equipment and could require traffic control and/or specialized
equipment to obtain access. Visual technigues are used to identify obvious defects and determine if
problem areas warrant additional investigation. Defects including advanced deterioration, distortion,
impact damage, and areas of previous repairs/rehabilitations warrant additional investigation and should
be inspected utilizing hands-on techniques. Inspectors should always keep in mind that deficiencies and
distortions could affect the remainder of the bridge components or indicate larger issues with the
structure.

Hands-on inspection is defined by proximity within an arm’s length from a bridge component. Inspection
can be performed from the deck surface, ground, or access equipment and could require traffic control
and/or specialized equipment to obtain access at arm’s length. Sketches may be useful or required in
describing deteriorations or deficiencies such as section loss requiring structural analysis. Hands-on
techniques are often used to further investigate elements identified using visual inspection and can be
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supplemented with NDE when necessary. Refer to Sections 3.3.11-13 for more information regarding
NDE techniques.

Dirt, debris, vegetation, and defects such as rust laminations and delaminated/spalled concrete should be
removed to the extent practical to allow for accurate inspector evaluation, but bearing grease should
remain untouched. Contact the BIE if the inspector determines more extensive cleaning or bearing grease
removal is necessary for proper evaluation based on the observed or previous condition of the bearings.

When removing debris, rust laminations, and delaminated/spalled concrete, inspectors should consider
potential impacts to pedestrians, live traffic, parked vehicles, buildings, private property, and the
environment. If significant amounts of material are removed from the bridge, it should be collected in a
discrete location as a consideration to property owners and to avoid alarming the public. Notify the BIE of
materials removed from the bridge that could prompt public reports of damage to the structure.

3.3.1 Bridge Rail

The functions of bridge railings are to contain and redirect errant vehicles on the bridge and separate
vehicles from pedestrians. This section only pertains to bridge railing carried by and attached to the
bridge. This does not include transitions of adjacent roadway guardrail that is attached to the ends of the
bridge railing. Guardrail components not attached to the bridge are not to be included with the bridge
railing element as part of the inspection.

Inspect for impact damage, distortion, and missing elements or sections, noting conditions that may
prevent the railing from properly redirecting errant vehicles or present blunt ends or protrusions to
traffic. Specify in the element inspection notes whether defects are due to deterioration or impact
damage. Investigate areas of collision damage for tearing, crushing, spalling, cracking, loss of reinforcing
bond, or broken members or connections. Check connections and anchorages to determine if the rail and
its components are securely fastened to the bridge. Use a hammer to verify bolted connections are
secure. Note any misalignment at transitions and joints. Sight along the lengths of members to identify
distortion or misalignment. Distortion, misalignment, or settlement noted during the inspection may be
an indicator that other issues associated with the superstructure or substructure may exist and shall be
considered and investigated by the TL.

For reporting purposes, note bridge rail conditions under the appropriate element.

Guardrail Considerations

Per the NBI Coding Guide, inspectors must evaluate bridge rail, approach rail, transitions, and end
treatments based on conformance to current DelDOT and FHWA standards. Verify rail height, post
spacing, materials used, and design of railing systems to aid in assessing acceptability, and crash
worthiness. See the Bridge Inspector Traffic Safety Features Rating Manual in Appendix C.6 for a
discussion of current bridge rail and guardrail standards (not all safety features will apply in Delaware).

Bridge inspection does not typically include a detailed inspection of the approach guardrail system,
however, a brief evaluation of the guardrail system shall be made to identify any obvious safety hazards
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or deficiencies resulting from prior damage to the rail system. Any significant findings or concerns to the
approach roadway guardrail, transitions, and end treatments shall be documented in the Inspection
Notes in AASHTO BrM and brought to the attention of the BIE.

Maintenance and Notification

Any condition that jeopardizes the effectiveness of the guardrail system to safely redirect errant vehicles
shall be communicated to the BIE and immediately brought to the attention of the Traffic Section and
corresponding Maintenance District to have the issue addressed.

3.3.1.1 Metal Bridge Railing

This element refers to all types and shapes of metal bridge railing, including steel, aluminum, metal beam,

and rolled shapes. This element also includes metal bridge rail attached to concrete parapet, timber
posts, or masonry railing.

Inspect all components of the railing system with an emphasis on corrosion, cracking, and section loss.
Inspect welds for cracking. Use a chipping hammer or wire brush to clean areas of corrosion to determine
section loss and remaining section as required. If possible, check for water infiltration and interior defects
in tubular members.

3.3.1.2 Reinforced Concrete Bridge Railing

This element refers to all types and shapes of reinforced concrete bridge railing, including reinforced
concrete with stone facing.

Inspect all components of the railing system with an emphasis on delaminations, spalls, patched areas,
exposed reinforcement, efflorescence, rust staining, and cracking. For stone facing, check that all blocks
or stones are secure. Sound concrete surfaces and stone facing for delaminations and loose or
deteriorated blocks or stones. Clean exposed reinforcement with a chipping hammer or wire brush to
determine section loss and remaining section as required.

Connections for bolted-on or through parapets are to be tested utilizing NDE at a rate of 25% or higher
per routine inspection cycle per BIE direction. If defective bolts are found in the sample, the BIE may
increase the testing requirement or frequency. See Section 3.3.11 for a discussion of these techniques.

Additional Resources

Classify crack widths according to the BEIM Concrete Crack Size Definitions.

Maintenance and Notification

A recommendation to apply a protective coating to seal cracks in parapets is a Maximo Priority 3
Maintenance Request. See Section 3.5.6.1 for a discussion of Maximo Work Orders.

Deterioration of stone facing shall be noted in the inspection report and brought to the attention of the
BIE.

DalDOT 3-12 2020



BRIDGE INSPECTION MANUAL

3.3.1.3 Timber Bridge Railing

This element refers to all timber bridge railing, including timber posts for metal rails.

Inspect all components of the railing system with an emphasis on decay, checks, cracks, splits, crushing,
and abrasion. All bolted connections shall be checked for tightness, corrosion, and cracking. Interior
timber defects not visible to the inspector may be located using a hammer to sound and an awl/pick for a
penetration test. Clean and inspect areas of decay and insect or fire damage to determine the extent of
the defect.

3.3.1.4 Masonry Bridge Railing

This element refers to all types and shapes of masonry bridge railing, excluding stamped concrete and
reinforced concrete with stone facing.

Inspect all components of the railing system with an emphasis on delaminations, spalls, efflorescence,
rust staining, mortar deterioration, and split, spalled, loose, or displaced/missing masonry; sound
masonry for delaminations and loose or deteriorated blocks or stones. Check mortar for deterioration,
loss, cracks, vegetation growth, and water seepage. Quantify mortar deterioration in the report as a
percentage per linear foot of railing. At exposed ends, note cracks and deterioration that could indicate
loss of interlocking and potential for failure.

3.3.2 Curbs, Medians, Sidewalks, and Drains

The function of curbs and medians is to separate vehicles from each other in adjacent travel lanes, and
from pedestrians on the bridge. Sidewalks serve to provide pedestrians with a safe means of crossing the
bridge. Curbs and drains direct and remove water and debris from the structure.

Observe the curb, topside of sidewalk, all faces of median, drains, and scuppers from the deck. The
underside of sidewalk, median connections, outboard sides of drains and scuppers, and drain pipes
require inspection from below. Note median rail height, post spacing, materials used, and design of railing
systems to aid in assessing acceptability and crash worthiness. Inspect for impact damage, misalignment,
and distortion, noting conditions that may prevent the median from properly redirecting errant vehicles.
Inspect sidewalks for structural defects as well as their ability to allow easy and safe movement of
pedestrians across the bridge. Structural defects, debris, and vegetation growth on or near the sidewalk
can all affect pedestrian use of the structure. Check that curbs and drains are sufficiently clear and free of
defects to redirect water from the bridge deck and away from the bridge components below. Check for
damage, misalignment, distortion, and any conditions that present blunt ends or protrusions to traffic or
present tripping or other hazards to pedestrians.

For all elements, check connections and anchorages to determine if the elements are securely fastened.
Use a hammer to verify that bolted connections are secure. Note any misalignment at transitions and
joints. Sight along the lengths of members to identify distortion.
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Maintenance and Notification

Notify the BIE of significant damage or deterioration of sidewalks that may affect the safety of
pedestrians.

3.3.2.1 Reinforced Concrete Curb, Median, and Sidewalk

This element refers to all types and shapes of reinforced concrete curbs, mountable and non-mountable

raised medians, and sidewalks, including only those elements that are placed directly on top of the bridge
deck, slab, or culvert.

Inspect all components with an emphasis on delaminations, spalls, patched areas, exposed
reinforcement, efflorescence, rust staining, and cracking. Sound concrete surfaces for delaminations.
Clean exposed reinforcement with a chipping hammer or wire brush to determine section loss and
remaining section as required.

Additional Resources

Classify crack widths according to the BEIM Concrete Crack Size Definitions.

Maintenance and Notification

A recommendation to apply a protective coating to seal cracks in sidewalks is a Maximo Priority 1
Maintenance Request. See Section 3.5.6.1 for a discussion of Maximo Work Orders.

Deterioration of stone facing shall be noted in the inspection report and brought to the attention of the
BIE.

3.3.2.2 Steel Curb, Median, and Sidewalk

This element refers to all types and shapes of steel curbs, mountable and non-mountable raised medians,

and sidewalks, including open and filled steel grid sidewalk.

Inspect all components with an emphasis on corrosion, cracking, and section loss. Use a chipping hammer
or wire brush to clean areas of corrosion to determine section loss and remaining section as required.
Note deteriorated, spalled, and flaking concrete in filled steel grid sidewalks.

3.3.2.3 Timber Curb and Sidewalk

This element refers to all types and shapes of timber curbs and sidewalks.

Inspect all components with an emphasis on decay, checks, cracks, splits, crushing, and abrasion. Interior
timber defects not visible to the inspector may be located using a hammer to sound and an awl/pick for a
penetration test. Clean and inspect areas of decay and insect or fire damage to determine the extent of
the defect.
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3.3.2.4 Masonry Curb, Median, and Sidewalk

This element refers to all types and shapes of masonry curbs, mountable and non-mountable raised

medians, and sidewalks, excluding stamped concrete and reinforced concrete with stone facing.

Inspect all components with an emphasis on delaminations, spalls, efflorescence, rust staining, mortar
deterioration, and split, spalled, loose, or displaced/missing masonry; sound masonry for delaminations
and loose or deteriorated blocks or stones. Check mortar for deterioration, loss, cracks, vegetation
growth, and water seepage. Quantify mortar deterioration in the report as a percentage per linear foot of
the element. At exposed ends, note cracks and deterioration that could indicate loss of interlocking and
potential for failure.

3.3.2.5 Bridge Drains

This element refers to all types, shapes, and materials of bridge drains and drain systems, including

scuppers, catch basins, downspouts, and clean-outs that are on or attached to the bridge structure.

Inspect all components with an emphasis on corrosion, cracking, alignment, and effectiveness. Note
debris and vegetation inside the drainage system as well as signs of clogging or leakage on the
surrounding elements. Indicate if drainage water is not being directed away from the structure, and
identify ponding water on the deck and beneath the structure. Inspect couplers and attachments to the
bridge. Note misaligned or disconnected basins or downspouts.

Maintenance and Notification

A recommendation to clean out scuppers and/or drains requires a Maximo Priority 2 Maintenance
Request. See Section 3.5.6.1 for a discussion of Maximo Work Orders.

3.3.3 Approach Slab

Approach slabs provide the transition between the approach roadway and bridge structure. This element
refers to all reinforced concrete and prestressed concrete structural slabs that exist between the bridge
abutment and approach roadway pavement.

Inspect the approach slab with an emphasis on delaminations, spalls, exposed reinforcement or
prestressing, cracking, wear, and settlement. Clean exposed reinforcement with a chipping hammer or
wire brush to determine section loss and remaining section as required.

Observe live traffic and/or drive across the approach slab to determine the severity of any vertical offsets
and the rideability of the surface. Note erosion below or adjacent to the slab and investigate its extent.
When the approach slab is not visible due to a wearing surface, assess the condition based on the
available visible surface such as cracking or settlement of the wearing surface. For rating purposes, treat
bituminous patches as unsound patched areas.

Additional Resources

Classify crack widths according to the BEIM Concrete Crack Size Definitions.
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Maintenance and Notification

A recommendation to repair approach slab spalls requires a Maximo Priority 2 Maintenance Request. A
recommendation to apply a protective coating to seal cracks in an approach slab is a Maximo Priority 1
Maintenance Request. See Section 3.5.6.1 for a discussion of Maximo Work Orders.

Notify the BIE of potholes large enough to receive a spall defect rated in CS3 per the BEIM.

3.3.4 Deck/Slab

The functions of a bridge deck are to provide a smooth riding surface across the bridge and transfer
vehicle loads to the superstructure. Slabs serve as both the deck and superstructure, directly transferring
vehicle loads to the substructure. Decks and slabs must be evaluated for structural condition,
effectiveness in transferring loads to the superstructure or substructure, and ability to provide a smooth
riding surface.

Deck and slab evaluation is largely dependent on its configuration and interaction with the
superstructure. Problem areas for decks and slabs are generally at joints and high stress regions such as
midspan and over piers and at supports for continuous spans; however, all elements should be inspected
for defects.

Observe traffic or drive across the bridge deck to determine vertical offsets and rideability. Look for
excessive or non-uniform deflections in the deck. For surfaces of the deck not visible due to a wearing
surface and/or stay in place forms, assess the condition based on the available visible surface for cracking
or settlement of the wearing surface or corrosion to stay in place forms. For condition rating purposes,
treat any bituminous patch as though it is an unsound patched area.

Additional Resources

Further deck evaluation techniques may be necessary based on inspection findings or per BIE direction.
See Section 3.3.12 for a discussion of these techniques.

Maintenance and Notification

Notify the BIE of significant damage or deterioration of the deck or slab that may affect the riding surface,
or if there are signs of a pending punch-thru in a concrete deck or slab.

3.3.4.1 Reinforced Concrete Deck/Slab

This element refers to all reinforced concrete bridge decks and slabs but does not include concrete or

asphaltic wearing surfaces. This element also includes precast reinforced concrete deck/slab panels that
are posttensioned together. Refer to Section 3.3.10 for a discussion of wearing surfaces and protective
coatings.

Inspect the deck with an emphasis on delaminations, spalls, exposed reinforcement, efflorescence, rust
staining, cracking, and wear. Sound concrete surfaces for delaminations. Clean exposed reinforcement
with a chipping hammer or wire brush to determine section loss and remaining section as required. For
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precast decks, check connections and anchorages to determine if the deck panels are securely fastened
together and to the superstructure.

Further deck evaluation techniques such as chain drag, impact echo, coring, and infrared (among others)
may be necessary based on inspection findings or per BIE direction. See Section 3.3.12 for a discussion of
these techniques.

Precast Deck Panels Inspection Considerations

Bridges with precast reinforced concrete deck panels shall be inspected for the defects and distress using
the techniques described in Section 3.3.4.1 with additional considerations. Adjacent concrete along
longitudinal and transverse deck panel seams and joints shall be checked for delaminations, cracking, and
rust staining. Connections shall be checked to confirm that deck panels are securely fastened to beams.

Additional Resources

Classify crack widths according to the BEIM Concrete Crack Size Definitions.

Maintenance and Notification

A recommendation to repair deck spalls requires a Maximo Priority 2 Maintenance Request. A
recommendation to apply a protective coating to seal cracks in the deck is a Maximo Priority 1
Maintenance Request. See Section 3.5.6.1 for a discussion of Maximo Work Orders.

Notify the BIE of potholes or other areas of deterioration in the riding surface large enough to receive a
spall defect rated in CS3 per the BEIM.

3.3.4.2 Prestressed Concrete Deck

This element refers to all prestressed concrete bridge decks and precast prestressed deck panels with or
without posttensioning. This does not include concrete or asphaltic wearing surfaces; refer to section
3.3.10 Wearing Surfaces and Protective Coatings for guidance.

Inspect the deck with an emphasis on delaminations, spalls, exposed reinforcement, exposed
prestressing, efflorescence, rust staining, cracking, wear, and settlement. Sound concrete surfaces for
delaminations. Clean exposed reinforcement or prestressing with a chipping hammer or wire brush to
determine section loss and remaining section as required. For precast decks, check connections and
anchorages to determine if the deck panels are securely fastened to each other, the superstructure,
and/or the substructure.

Further deck evaluation techniques such as chain drag, impact echo, coring, and infrared (among others)
may be necessary based on inspection findings or per BIE direction. See Section 3.3.12 for a discussion of
these techniques.

Precast Deck Panels Inspection Considerations

Bridges with precast reinforced concrete deck panels shall be inspected for the defects and distress using
the techniques described in Section 3.3.4.1 with additional considerations. Adjacent concrete along
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longitudinal and transverse deck panel seams and joints shall be checked for delaminations, cracking, and
rust staining. Connections shall be checked to confirm that deck panels are securely fastened to beams.

Additional Resources

Classify crack widths according to the BEIM Concrete Crack Size Definitions.

Maintenance and Notification

A recommendation to repair deck spalls requires a Maximo Priority 2 Maintenance Request. A
recommendation to apply a protective coating to seal cracks in the deck is a Maximo Priority 1
Maintenance Request. See Section 3.5.6.1 for a discussion of Maximo Work Orders.

Notify the BIE of potholes or other areas of deterioration in the travel lanes large enough to receive a
spall defect rated in CS3 per the BEIM.

3.3.4.3 Timber Deck/Slab

This element refers to all timber bridge decks and slabs created using solid, glue-laminated, and nail-

laminated timbers. This does not include timber running plank wearing surfaces; refer to Section 3.3.10.1
Wearing Surfaces and Protective Coatings for inspection guidance.

Inspect the deck with an emphasis on decay, checks, cracks, splits, crushing, and abrasion. Note
delamination of laminated timber members. Check connections and anchorages to determine if the deck
and individual members are securely fastened to each other, the superstructure, and/or the substructure.
Use a hammer to verify that bolted connections are secure. Interior timber defects not visible to the
inspector may be located using a hammer to sound and an awl/pick for a penetration test. Clean and
inspect areas of decay and insect or fire damage to determine the extent of the defect.

NDE techniques such as sonic stress wave may be necessary based on inspection findings per BIE
direction. See Section 3.3.13 for a discussion of these techniques.

3.3.4.4 Steel Deck

This element refers to all steel bridge decks, including open grid, concrete filled grid, and corrugated
decks.

Inspect the deck with an emphasis on corrosion and cracking. Inspect for damaged, distorted, bent, or
torn bars in a grid deck. Check connections and anchorages to determine if the deck and its components
are securely fastened to adjacent panels, the superstructure, and/or the substructure. Use a hammer to
verify that bolted connections are secure. Inspect welds for cracking. Use a wire brush to clean areas of
corrosion to determine section loss and remaining section as required. Note deteriorated concrete in
filled steel grid decks. Observe and listen to live traffic, listening for popping or banging which may
indicate a broken grid or loose connections.

NDE techniques such as dye-penetrant and ultrasonic testing (among others) may be necessary based on
inspection findings. See Section 3.3.11 for a discussion of these techniques.
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Maintenance and Notification

A recommendation to repair connections or replace damaged areas of an open grid deck is a Maximo
Priority 3 Maintenance Request. A recommendation to clean and paint deteriorated primary load carrying
steel members requires a Maximo Priority 3 Maintenance Request. See Section 3.5.6.1 for a discussion of
Maximo Work Orders.

3.3.4.5 Other Deck/Slab

This element refers to all composite and plastic bridge decks and slabs. This does not include concrete or

asphaltic wearing surfaces; refer to Section 3.3.10 Wearing Surfaces and Protective Coatings for
inspection guidance.

Inspect the deck with an emphasis on cracking, delaminations, spalls, and deterioration. Check
connections and anchorages to determine if the deck and its components are securely fastened to
adjacent panels, the superstructure, and/or the substructure. Use a hammer to verify that bolted
connections are secure. Inspect welds for cracking. Interior defects not visible to the inspector may be
located using a hammer to sound. Clean and inspect areas of deterioration to determine the extent of the
defect, section loss, and remaining section.

3.3.4.6 Asphaltic Concrete Overlay

This element refers to the asphaltic concrete surface of reinforced concrete frames or box culverts with
overlays placed directly on top. This does not include concrete or asphaltic wearing surfaces; refer to
Section 3.3.10 Wearing Surfaces and Protective Coatings for inspection guidance.

Inspect the overlay with an emphasis on delaminations, spalls, cracking, and wear, especially noting
conditions that may signify deterioration in the underlying structural element. Inspectors should also note
any bulging or settlement of the overlay or if drains, joints, or other elements have been unintentionally
paved over.

Maintenance and Notification

A recommendation to repair overlay requires a Maximo Priority 2 Maintenance Request. See Section
3.5.6.1 for a discussion of Maximo Work Orders.

3.3.5 Joints

The function of joints is to allow for the movement of the deck and superstructure in expansion and
contraction while minimizing the ability of water, dirt, road salt, and other debris from impacting the
superstructure, bearings, and substructure. Joints should provide a smooth roadway transition from the
approach to the bridge and between bridge spans.

Inspect joints from above and below for damage and distortion due to traffic and snow plows, especially
noting conditions that present blunt ends or protrusions to traffic or hazards to pedestrians or prevent
bridge movement. Observe and listen to traffic or drive across the joint to determine vertical offsets,
rideability, and loose components.
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Note vertical displacement in the deck at the joint, recording which side of the joint is higher. This is
especially important when the second half of the joint (in the direction of traffic) is higher causing an
impact loading on the bridge as traffic passes. Measure the opening of every joint at the right shoulder
stripe when moving up station. When safe to do so measure the joint opening at the left stripe as well.
Check for a uniform horizontal opening across the length of the joint. Document joint opening
measurements in the inspection report along with ambient temperature in degrees Fahrenheit.

Check connections and anchorages to determine if the joint is securely fastened. Watch for movement
under live load to detect if anchorages are loose or damaged. Use a hammer to verify that bolted
connections are secure. Inspect welds for cracking.

Sound the adjacent concrete header for delaminations. Clean exposed reinforcement with a chipping
hammer or wire brush to determine section loss and remaining section as required. Remove deteriorated
and soft concrete near joints to determine if anchorages are securely embedded.

Additional Resources

Refer to Section 5.5 of the BEIM for joint type descriptions and schematics.

Maintenance and Notification

A recommendation to repair header spalls requires a Maximo Priority 2 Maintenance Request. See
Section 3.5.6.1 for a discussion of Maximo Work Orders.

Notify the BIE of significant damage or deterioration of joint armoring that may present a safety hazard
for motorists or pedestrians.

3.3.5.1 Joints with Glands

This element refers to expansion joint devices which utilize a neoprene type of waterproof gland with

some type of metal extrusion or other system to anchor the gland, including strip seals, compression
joints, and modular assembly joints.

Inspect the seal with an emphasis on leakage, adhesion, damage, and cracking. Check for signs of water
leakage or debris on the elements below. If debris accumulations are present, carefully clean out or probe
debris to determine the condition of the gland. Inspect the remainder of the joint and adjacent header
with an emphasis on debris, delaminations, spalling, corrosion, and cracking.

Maintenance and Notification

A recommendation to repair header spalls requires a Maximo Priority 2 Maintenance Request. See
Section 3.5.6.1 for a discussion of Maximo Work Orders.

Notify the BIE of significant damage or deterioration of joint armoring that may present a safety hazard
for motorists or pedestrians.
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3.3.5.2 Joints without Glands

This element refers to expansion joint devices which are open and not sealed, including finger, sliding

plate, and open joints.

Inspect the joint and adjacent header with an emphasis on debris, delaminations, spalling, corrosion, and
cracking. Note lateral and vertical misalignment of finger joints and check if the condition prevents bridge
movement.

Also note joint trough defects under this element. Inspect for leakage, damage, tearing/cracking,
corrosion, and debris. Check connections to the deck or joint. Note leakage and debris on elements below
and the trough’s ability to drain water away from the bridge.

Maintenance and Notification

A recommendation to repair header spalls requires a Maximo Priority 2 Maintenance Request. See
Section 3.5.6.1 for a discussion of Maximo Work Orders.

Notify the BIE of significant damage or deterioration of joint armoring that may present a safety hazard
for motorists or pedestrians.

3.3.5.3 Joints with Pourable or Asphaltic Seal

This element refers to joints with a pourable or asphaltic type of seal with or without a backer rod.

Inspect the seal with an emphasis on leakage, adhesion, damage, and cracking. Note deteriorated or
missing material as well as debris and vegetation growth. If debris accumulations are present, carefully
clean out or probe debris to determine the condition of the seal.

Inspect the remainder of the joint and adjacent header with an emphasis on debris, delaminations,
spalling, and cracking. Check for signs of water or debris infiltration through the joint and under adjacent
elements.

Maintenance and Notification

A recommendation to repair header spalls or re-seal pourable deck joints requires a Maximo Priority 3
Maintenance Request. See Section 3.5.6.1 for a discussion of Maximo Work Orders.

3.3.6 Superstructure

The function of the superstructure is to safely transfer loads from the deck to the substructure. The
superstructure must be evaluated for structural condition and ability to transfer loads.

Superstructure inspection is largely dependent on its configuration and interaction with the deck. Use
design plans to identify primary and secondary load carrying members. Problem areas often include
locations of maximum moment, maximum shear, bearing, section change, and connections; however, all
elements should be inspected for defects. Elements such as cables, truss members, gusset plates, non-
redundant beam elements, and pin and hanger assemblies are especially sensitive to abrasion and minor
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defects that lead to section loss such as surface corrosion and decay. These elements should be inspected
closely for defects.

Inspect for impact damage and distortion, especially noting conditions that may weaken the structure.
Note water draining or leaking onto, and debris buildup on and around elements along with associated
defects. Note any misalignment at transitions and joints. Sight along the lengths of members and along
the entire structure to identify distortion and misalighment. Look for excessive or non-uniform
deflections in the superstructure under both dead and live loading. Ensure that superstructure elements
do not have excessive negative camber which could indicate loss of composite action with the deck or
other problems. Check that weepholes in box beams and other enclosed members are open and
functional.

Sketches shall be required in documenting advanced deterioration and section loss in critical areas of
primary members or if the inspector is recommending a load rating of the structure due to its condition.

Additional Resources

Refer to Section 6.5 for inspection guidance on impact damage.

Beam sketch sheets can be found in Appendix A to document advanced deterioration of superstructure
members.

Maintenance and Notification

Notify the BIE of significant damage or deterioration of superstructure elements warranting an NBI
Condition Rating of 4 or less or presenting a safety hazard for motorists or pedestrians.

3.3.6.1 Steel Superstructure

This element refers to all types and shapes of steel superstructure elements, including girders,
floorbeams, stringers, trusses, arches, cables, pin and hanger assemblies, and diaphragms.

Inspect all components of the superstructure with an emphasis on corrosion, cracking, and section loss.
Check connections to determine if the elements are securely fastened. Use a hammer to verify that
bolted connections are secure. Inspect welds and surrounding areas for cracks. Use a chipping hammer or
wire brush to clean areas of corrosion to determine section loss and remaining section as required.
Fracture critical members and fatigue-prone details with Fatigue Category D or worse should be
inspected hands-on. Clean areas around a suspected crack to visually confirm and identify its limits. NDE
techniques may be utilized for cracks or suspected cracks of steel primary load carrying members to
confirm existence and length. After identifying the limits and recording dimensions, mark and date crack
lengths on the element for future monitoring. Refer to section 3.3.11 for more discussion and guidance.

Gusset plates and their connections should be inspected for distortion and out-of-plane bending. Cables
should specifically be checked for fraying strands, slipping at connections, and moisture buildup. Inspect
pin and hanger assemblies for proper movement and alignment. Check for signs of a frozen assembly
such as unbroken paint film. Hangers should be inspected closely for cracks, especially at the thinnest
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portion of its eye. Pins may be hidden for inspection, but are to be tested utilizing NDE at a rate of 100%
per routine inspection cycle or at a frequency determined by the BIE. Inspectors shall coordinate with the
BIE and District maintenance personnel prior to commencing the inspection for removal of pin covers. If
defective assemblies are found in the sample, the BIE may increase the testing frequency.

Maintenance and Notification

A recommendation to clean and paint deteriorated primary load carrying steel members requires a
Maximo Priority 3 Maintenance Request. See Section 3.5.6.1 for a discussion of Maximo Work Orders.

3.3.6.2 Reinforced Concrete Superstructure

This element refers to all types and shapes of reinforced concrete superstructure elements, including
girders, floorbeams, stringers, arches, and diaphragms.

Inspect all components of the superstructure with an emphasis on delaminations, spalls, exposed
reinforcement, efflorescence, rust staining, and cracking. High positive and negative moment regions
shall be checked for flexural cracking, and beam ends shall be inspected for shear cracking. Check for
indications of lost fill material from filled arches. Sound concrete surfaces for delaminations. Clean
exposed reinforcement with a chipping hammer or wire brush to determine section loss and remaining
section as required.

Further concrete evaluation techniques such as impact echo, coring, and infrared (among others) may be
necessary based on inspection findings or per BIE direction. See Section 3.3.12 for a discussion of these
techniques.

Additional Resources

Classify crack widths according to the BEIM Concrete Crack Size Definitions.

3.3.6.3 Prestressed Concrete Superstructure

This element refers to all types and shapes of prestressed concrete superstructure elements, including
girders, floorbeams, and stringers.

Inspect all components of the superstructure with an emphasis on delamination, spalls, exposed
reinforcement, exposed prestressing, efflorescence, rust staining, and cracking. High positive and
negative moment regions shall be checked for flexural cracking, and beam ends shall be inspected for
shear cracking. Check for indications of lost fill material from filled arches. Sound concrete surfaces for
delaminations. Clean exposed reinforcement or prestressing with a chipping hammer or wire brush to
determine section loss and remaining section as required.

Further concrete evaluation techniques such as impact echo, coring, and infrared may be necessary
based on inspection findings or per BIE direction. See Section 3.3.12 for a discussion of these techniques.

Additional Resources

Classify crack widths according to the BEIM Concrete Crack Size Definitions.
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Maintenance and Notification

A recommendation to clean or clear weepholes in prestressed concrete box beams requires a Maximo
Priority 1 Maintenance Request. See Section 3.5.6.1 for a discussion of Maximo Work Orders.

3.3.6.4 Timber Superstructure

This element refers to all types and shapes of timber superstructure elements, including girders,
floorbeams, stringers, trusses, arches, and diaphragms created using solid, glue-laminated, and nail-
laminated timbers.

Inspect all components of the superstructure with an emphasis on decay, checks, cracks, splits, crushing,
and abrasion. Note delamination of laminated timber members. Check connections and anchorages to
determine if the superstructure elements are securely fastened. Use a hammer to verify that bolted
connections are secure. Note any misalighnment at transitions and joints. Interior timber defects not
visible to the inspector may be located using a hammer to sound and an awl/pick for a penetration test.
Clean and inspect areas of decay and insect or fire damage to determine the extent of the defect.

NDE techniques such as sonic stress wave may be necessary based on inspection findings per BIE
direction. See Section 3.3.13 for a discussion of these techniques.

3.3.6.5 Masonry Superstructure

This element refers to all types and shapes of masonry or stacked stone arches.

Inspect all components of the superstructure with an emphasis on efflorescence, rust staining, mortar
deterioration, spalled masonry, patched masonry, and displacement of stones. Check for indications of
lost fill material for filled arches. Sound masonry for delaminations and loose or deteriorated blocks or
stones. Check mortar for deterioration, loss, cracks, vegetation growth, and water seepage. Quantify
mortar deterioration in the report as a percentage per linear foot of the element. Note cracks,
deterioration, misalignment, and displacement that could indicate loss of interlocking and potential for
failure at exposed ends, spandrel walls, along the springlines, and along the arch centerline.

3.3.6.6 Other Superstructure

This element refers to all types and shapes of composite, plastic, and other material girders, floorbeams,

stringers, trusses, arches, and cables.

Inspect all components of the superstructure with an emphasis on corrosion, cracking, delaminations,
spalls, efflorescence, rust staining, and deterioration. Check connections and anchorages to determine if
the superstructure elements are securely fastened. Use a hammer to verify that bolted connections are
secure. Interior defects not visible to the inspector may be located using a hammer to sound and an
awl/pick for a penetration test. Clean and inspect areas of deterioration to determine the extent of the
defect. Use a wire brush to clean areas of corrosion and decay to determine section loss and remaining
section as required.
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3.3.7 Bearings

The functions of bearings are to transfer loads from the superstructure to the substructure and to
accommodate normal bridge movement due to vehicle and thermal loads, in the longitudinal and
transverse directions and in rotation. Bearings must be evaluated for condition, ability to transfer loads,
and ability to allow for bridge movement.

Bearing evaluation is dependent on the design of the structure and bearing types. Use field observations
and, if necessary, design plans to determine the locations of fixed and movable bearings and the overall
design of the structure.

Note water leakage from above, ponding water, and debris on or around the bearing, especially noting
conditions that may prevent normal bridge movement. Loss of bearing area, over-expansion or
contraction, and signs of frozen or locked bearings should be inspected hands-on. Check connections and
anchorages to determine if the bearing is securely fastened to both the bearing seat and superstructure.
Use a hammer to verify that bolted connections are secure. Inspect welds within the bearing assembly
and between the bearing and surrounding structure for cracking. Use a chipping hammer or wire brush to
clean areas of corrosion to determine section loss and remaining section as required.

For visual inspections, record the general bearing expansion or contraction condition along with the
ambient temperature in degrees Fahrenheit. For hands-on inspections, measure and report the
expansion or contraction of movable bearings along with the steel or concrete temperature in degrees
Fahrenheit (ambient temperature is acceptable). Check for signs of a frozen bearing such as pack rust,
unbroken paint film, or undisturbed debris in the normal path of movement. Report lateral or vertical
misalignment as well as expansion/contraction causing bearing overhang and effects on bearing contact
and bearing area.

Sound the adjacent concrete of the bearing seat for delaminations. Clean exposed reinforcement with a
chipping hammer or wire brush to determine section loss and remaining section as required. Measure
loss of bearing and the original bearing dimensions in order to report bearing loss as a percent of overall
bearing area. A photo and sketch is required for bearing loss greater than 10%.

Additional Resources

Refer to Section 5.4 of the BEIM for bearing type descriptions and schematics. The Rocker Bearing
Measurement Sheet can be found in Appendix A to document advanced deterioration of superstructure
members.

Maintenance and Notification

A recommendation to clean or flush bearings or bearing seats requires a Maximo Priority 1 Maintenance
Request. See Section 3.5.6.1 for a discussion of Maximo Work Orders.

Notify the BIE of significant damage or deterioration of bearing elements warranting an element CS4.
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3.3.7.1 Bearings with Elastomers

This element refers to elastomeric and pot-type bearings with or without fabric or metal reinforcement.

Inspect the elastomer with an emphasis on bulging, splitting, and tearing. Inspect the remainder of the
bearing with an emphasis on corrosion, movement, alignment, and loss of bearing area. Measure and
report gaps, bulging, deformation, curling, sliding, walking, or crushing in elastomeric material. Inspect for
variable elastomer thickness that could indicate uneven bearing pressure.

3.3.7.2 Bearings without Elastomers

This element refers to movable, rocker, enclosed/concealed, fixed, and disk bearings without an
elastomeric component.

Inspect the bearing with an emphasis on corrosion, movement, alignment, and loss of bearing area. The
DelDOT Rocker Bearing Measurement Sheet in Appendix A shall be used to document defects in CS3 or 4
for any defect category per the BEIM.

3.3.7.3 Other Bearings

This element refers to other bearings regardless of translation or rotation constraints.

Inspect the bearing with an emphasis on corrosion, movement, alignment, and loss of bearing area.

3.3.8 Substructure

The function of the substructure is to transfer loads from the superstructure to the foundation.
Substructure elements must be inspected for structural condition, ability to carry loads, and adequacy of
foundation. Even though they are not critical in transfer of live loads, this section is also applicable to
retaining walls and headwall elements.

Check for signs of differential and uniform settlement, sliding, and rotation of the substructure unit. Sight
along the lengths of substructure elements to identify distortion and misalignment, and sight along the
entire structure to identify uneven settlement or abnormal rotations. Use non-uniform or excessive
bearing movements, deck joint openings, substructure joint openings, and new substructure cracks as an
indicator that substructure elements may be experiencing undesired settlement, sliding, or rotation.
When measuring rotations, use a well-defined and repeatable method so that the condition can be
monitored during future inspections. Document the method and measurements in the corresponding
substructure element in the inspection report. When feasible, provide permanent markings on the
substructure unit where measurements will be repeated.

Look or probe around the base of substructure elements to check for erosion, scour, and undermining.
Check if the footing has been exposed or if material has been washed from beneath the foundation and
record the dimensions of exposure.
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Note leakage on substructure elements from the joint above and debris buildup on and around the
element. Inspect for impact damage and distortion, especially noting conditions that may weaken the
structure. Inspect weep holes and the areas surrounding them in substructure units for blockage, loss of
fill, or excessive standing water. Note excessive vegetation growth adjacent to substructure units. Special
attention shall be given to areas around MSE walls and slope paving as these areas are more susceptible
to damage from vegetation growth.

Additional Resources

Refer to Section 6.5 for inspection guidance on impact damage.

Maintenance and Notification

A recommendation to seal joint concrete slope paving or between the abutment and wingwall requires a
Maximo Priority 3 Maintenance Request. A recommendation to repair erosion, place erosion control
measures, or remove vegetation and debris affecting the substructure requires a Maximo Priority 3
Maintenance Request. See Section 3.5.6.1 for a discussion of Maximo Work Orders.

Notify the BIE of significant damage or deterioration of substructure elements warranting an element CS4
or presents a safety hazard for motorists or pedestrians.

3.3.8.1 Steel Substructure

This element refers to all types and shapes of steel substructure elements, including columns, towers,

abutments, monotube and H piles, pier caps, sheeting, and fender/dolphin systems.

Inspect all components of the steel substructure with an emphasis on corrosion, cracking, settlement,
and section loss. Check connections to determine if the elements are securely fastened. Use a hammer to
verify that bolted connections are secure. Inspect welds and surrounding areas for cracks. Use a chipping
hammer or wire brush to clean areas of corrosion to determine section loss and remaining section as
required. Mark and date existing crack lengths for future monitoring. NDE techniques may be utilized for
cracks or suspected cracks of steel primary load carrying members. After finding the limits and recording
dimensions, mark and date crack lengths for future monitoring. Refer to Section 3.3.11 Metal NDE
Technigues for more discussion and guidance

Maintenance and Notification

A recommendation to clean and paint deteriorated primary load carrying steel members requires a
Maximo Priority 3 Maintenance Request. See Section 3.5.6.1 for a discussion of Maximo Work Orders.

3.3.8.2 Reinforced Concrete Substructure

This element refers to all types and shapes of reinforced concrete substructure elements, including
columns, walls, abutments, piles, pier caps, sheeting, fender/dolphin systems, wingwalls, and headwalls.

Inspect all components of the substructure with an emphasis on delaminations, spalls, exposed
reinforcement, efflorescence, rust staining, and cracking. Sound concrete surfaces for delaminations.
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Clean exposed reinforcement with a chipping hammer or wire brush to determine section loss and
remaining section as required.

Further concrete evaluation techniques such as impact echo, coring, and infrared may be necessary
based on inspection findings or per BIE direction. See Section 3.3.12 for a discussion of these techniques.

Additional Resources

Classify crack widths according to the BEIM Concrete Crack Size Definitions.

Maintenance and Notification

Deterioration of stone facing shall be noted in the inspection report and brought to the attention of the
BIE.

3.3.8.3 Prestressed Concrete Substructure

This element refers to all types and shapes of prestressed concrete substructure elements, including
columns, piles, pier caps, and sheeting.

Inspect all components of the substructure with an emphasis on delaminations, spalls, exposed
reinforcement, exposed prestressing, efflorescence, rust staining, and cracking. Sound concrete surfaces
for delaminations. Clean exposed reinforcement or prestressing with a chipping hammer or wire brush to
determine section loss and remaining section as required.

Further concrete evaluation techniques such as impact echo, coring, and infrared may be necessary
based on inspection findings or per BIE direction. See Section 3.3.12 for a discussion of these techniques.

Additional Resources

Classify crack widths according to the BEIM Concrete Crack Size Definitions.

3.3.8.4 Timber Substructure

This element refers to all types and shapes of timber substructure elements, including columns, towers,

walls, abutments, piles, pier caps, sheeting, and fender/dolphin systems created using solid, glue-
laminated, and nail-laminated timbers.

Inspect all components of the substructure with an emphasis on decay, checks, cracks, splits, crushing,
and abrasion. Note delamination of laminated timber members. Check connections and anchorages to
determine if the elements are securely fastened. Use a hammer to verify that bolted connections are
secure. Interior timber defects not visible to the inspector may be located using a hammer to sound and
an awl/pick for a penetration test. Clean and inspect areas of decay and insect or fire damage to
determine the extent of the defect. Check for indications of lost fill material from behind walls.

NDE techniques such as sonic stress wave may be necessary based on inspection findings per BIE
direction. See Section 3.3.13 for a discussion of these techniques.
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3.3.8.5 Masonry Substructure

This element refers to all types and shapes of masonry substructure elements, including wingwalls, piers,
and abutments.

Inspect all components of the substructure with an emphasis on efflorescence, rust staining, mortar
deterioration, spalled masonry, patched masonry, and displacement of stones. Sound masonry for
delaminations and loose or deteriorated blocks or stones. Check mortar for deterioration, loss, cracks,
vegetation growth, and water seepage. Quantify mortar deterioration in the report and
recommendations as a percentage per linear foot of mortar. At exposed ends and spandrel walls note
cracks, deterioration, misalighment, and displacement that could indicate loss of interlocking and
potential for failure. Check for indications of lost fill material from behind walls.

3.3.8.6 Mechanically Stabilized Earth Wall Substructure

This element refers to all types of soil-retaining wall systems that consist of a concrete or stone facing

with steel or geosynthetic reinforcing fabric.

Inspect all components of the substructure with an emphasis on delaminations, spalls, exposed
reinforcement, efflorescence, rust staining, cracking, displacement, settlement, and loss of fill. Sound
concrete and masonry for delaminations and loose or deteriorated panels. Clean exposed reinforcement
with a chipping hammer or wire brush to determine section loss and remaining section as required. Check
joints between panels for deterioration, vegetation growth, and signs of water seepage, loss of fill, and
misalignment.

Additional Resources

Classify crack widths according to the BEIM Concrete Crack Size Definitions.

Maintenance and Notification

Deterioration of stone facing shall be noted in the inspection report and brought to the attention of the
BIE.

3.3.8.7 Other Substructure

This element refers to all types and shapes of composite, plastic, and other material columns, walls,

abutments, piles, and pier caps.

Inspect all components of the substructure with an emphasis on corrosion, cracking, delaminations,
spalls, efflorescence, rust staining, and deterioration. Check connections and anchorages to determine if
the deck and its components are securely fastened. Use a hammer to verify that bolted connections are
secure. Inspect welds for cracking. Interior defects not visible to the inspector may be located using a
hammer to sound and an awl/pick for a penetration test. Clean and inspect areas of deterioration to
determine the extent of the defect. Use a wire brush to clean areas of corrosion and decay to determine
section loss and remaining section as required. Check for indications of lost fill material from behind
walls.
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3.3.9 Culvert

The function of culverts is to transfer vehicle and earth loads directly into the foundation while allowing
water to flow freely beneath. Culverts must be evaluated for structural condition, the ability to carry
loads, and adequacy of foundation.

Inspect for damage and distortion. Check for signs of settlement and misalignment of the culvert. Check
along the waterline for deterioration. Check for indications of lost fill material in the form of erosion holes
above the culvert, areas of depressed roadway, and backfill infiltration inside the culvert. Look for signs of
water exfiltration through culvert walls into the backfill or supporting material. Note misalignment at
seams or joints and other deformations when sighting along the length of the culvert. Note locations of
debris buildup within or immediately up/downstream of the culvert which could restrict the hydraulic
opening. Inspect weep holes and the areas surrounding them in culvert walls for blockage, loss of fill, or
excessive standing water.

Look or probe around the base of the culvert to check for erosion, scour, and undermining. Check if the
footing has been exposed or if material has been washed from beneath the foundation and record the
dimensions of exposure. For elements in water check portions of the element along the waterline for
deterioration. If an apron or the bottom of a pipe is present, probe below the waterline checking that the
apron or bottom of pipe is intact.

Low clearance culverts will require wading or diving performed by underwater inspectors (See Sections
3.1.2.1 and 3.1.4). For culverts too small for an inspector to enter or if a hazard is present that prevents
safe entry, even when using proper confined space entry procedures, a borescope or other remote
controlled video inspection may be utilized after approval from the BIE.

Additional Resources

Refer to Section 5.3.4 for safety guidance related to confined space issues.

Maintenance and Notification

A recommendation to repair erosion, place erosion control measures, or remove vegetation and debris
affecting the substructure requires a Maximo Priority 3 Maintenance Request. See Section 3.5.6.1 for a
discussion of Maximo Work Orders.

Notify the BIE of significant damage or deterioration of culvert elements warranting an element CS4 or
presents a safety hazard for motorists or pedestrians.

3.3.9.1 Steel Culvert

This element refers to all types and shapes of steel culverts, including arch, round, or elliptical pipes.

Inspect all components of the culvert with an emphasis on corrosion, cracking, settlement, and section
loss. Emphasis should be placed along the waterline of the culvert when looking for corrosion. Check
connections to determine if the elements are securely fastened. Use a hammer to verify that bolted
connections are secure. Inspect welds for cracking. Note bulging, non-uniform, or widened internal seam
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joints. Use a hammer to check areas of section loss and corrosion for perforations, especially around the
waterline. Measure and record distortions in pipe shape along the length.

Additional Resources

See the DelDOT Policy for Inspection and Load Posting of Corrugated Metal Culverts in Appendix C for a
discussion of corrugated metal pipe inspection.

3.3.9.2 Aluminum Culvert

This element refers to all types and shapes of aluminum culverts, including arch, round, or elliptical pipes.

Inspect all components of the culvert with an emphasis on corrosion, cracking, settlement, and section
loss. Emphasis should be placed along the waterline and top half of the culvert when looking for
corrosion. Check connections to determine if the elements are securely fastened. Use a hammer to verify
that bolted connections are secure. Inspect welds for cracking. Note any bulging, non-uniform, or
widened internal seam joints. Measure and record distortions in pipe shape along the length. Inspectors
shall not use a hammer on corrosion areas instead use visual inspection techniques.

Additional Resources

See the DelDOT Policy for Inspection and Load Posting of Corrugated Metal Culverts in Appendix C for a
discussion of corrugated metal pipe inspection.

3.3.9.3 Reinforced Concrete Culvert

This element refers to all types and shapes of reinforced concrete culverts, including arch, round, or
elliptical pipes, boxes, and frames.

Inspect all components of the culvert with an emphasis on delaminations, spalls, exposed reinforcement,
efflorescence, rust staining, cracking, and settlement. Sound concrete surfaces for delaminations. Clean
exposed reinforcement with a chipping hammer or wire brush to determine section loss and remaining
section as required. Check for non-uniform or widened internal joint openings which could indicate
movement, settlement, or distortion.

Additional Resources

Classify crack widths according to the BEIM Concrete Crack Size Definitions.

3.3.9.4 Masonry Culvert

This element refers to all types and shapes of masonry culvert elements, including culvert headwalls.

Inspect all components of the culvert with an emphasis on efflorescence, rust staining, mortar
deterioration, spalled masonry, patched masonry, and displacement of stones. Sound masonry for
delaminations and loose or deteriorated blocks or stones. Check mortar for deterioration, loss, cracks,
vegetation growth, and water seepage. Quantify mortar deterioration in the report and
recommendations as a percentage per linear foot of mortar. At exposed ends and headwalls, note cracks,
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deterioration, misalighment, and displacement that could indicate loss of interlocking and potential for
failure.

3.3.9.5 Other Culvert

This element refers to all types and shapes of composite, plastic, and other material culverts, including

arch, round, or elliptical pipes.

Inspect all components of the substructure with an emphasis on corrosion, cracking, delaminations,
spalls, efflorescence, rust staining, and deterioration. Check connections and anchorages to determine if
the elements are securely fastened. Use a hammer to verify that bolted connections are secure. Inspect
welds for cracking. Interior defects not visible to the inspector may be located using a hammer to sound
and an awl/pick for a penetration test. Clean and inspect areas of deterioration to determine the extent
of the defect. Note any bulging, non-uniform, or widened internal seam joints. Use a wire brush to clean
areas of corrosion and decay to determine section loss and remaining section as required. Measure and
record distortions in pipe shape along the length.

3.3.9.6 Sacked Concrete Wall

This element refers to walls constructed of sacked concrete bags belonging to pipe culvert structures.

Inspect all components of the wall with an emphasis on splitting, spalling, and displacement of bags.
Sound for delaminations and loose bags. Check joints between bags for deterioration, cracks, vegetation
growth, and water seepage. Especially at exposed ends note cracks, deterioration, misalignment, and
displacement that could indicate possible loss of interlocking and potential for future failure.

3.3.10 Wearing Surfaces and Protective Coatings

Wearing surfaces act as a sacrificial layer to protect the structural deck from vehicle wear and serve to
provide a smooth riding surface across the bridge. Protective coatings of steel, concrete, and steel
reinforcement protect the underlying component from harmful environments. Both element types
should be inspected for their ability to protect the underlying element. Wearing surfaces should also be
evaluated for their ability to provide a smooth riding surface.

3.3.10.1 Wearing Surface

This element refers to non-structural deck overlays made with flexible, semi-rigid, and rigid materials and
timber running planks.

Inspect for cracking, delaminations, spalls, potholes, damage, settlement, wear, and overall effectiveness
of the overlay; especially noting conditions that may signify deterioration in the underlying structural
element. Observe live traffic and/or drive across the bridge deck to determine the severity of any vertical
offsets and rideability. Note any bulging or settlement of the overlay or if drains, joints, or other elements
have been unintentionally paved over. Sound patched surfaces for delaminations.
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For rating purposes, treat any bituminous patch as though it is an unsound patched area.

Additional Resources

Techniques used for deck evaluation such as chain drag, impact echo, and infrared (among others) may
be useful in evaluating wearing surface condition. See Section 3.3.12 for a discussion of these techniques.

Classify crack widths according to the BEIM Concrete Crack Size Definitions.

Maintenance and Notification

Notify the BIE of potholes or other areas of deterioration in the roadway large enough to receive a spall
defect rated in CS3 per the BEIM.

3.3.10.2 Steel Protective Coating

This element refers to protective coatings used to protect steel elements present on the bridge, including
paint, galvanization, weathering steel patina, or non-structural concrete encasement.

Inspect paint coatings with an emphasis on chalking, peeling, bubbling, and cracking. Inspect weathering
steel patina with an emphasis on oxide film development, color, texture, and flaking. Inspect concrete
encasements with an emphasis on delaminations, spalls, efflorescence, rust staining, and cracking.
Inspect all steel protective coatings with an emphasis on effectiveness and wear, especially noting
conditions that expose bare steel to the elements.

Additional Resources

Refer to Section 5.2.4 of the BEIM for steel protective coating quantity calculation.

Maintenance and Notification

A recommendation to clean and paint deteriorated primary load carrying steel members requires a
Maximo Priority 3 Maintenance Request. See Section 3.5.6.1 for a discussion of Maximo Work Orders.

3.3.10.3 Concrete Protective Coating

This element refers to protective coatings used to protect concrete elements present on the bridge,
including waterproofing, crack sealant, or top coat barrier. This element does not include other coatings
expressly placed to prevent graffiti.

Inspect concrete protective coatings with an emphasis on effectiveness and wear, especially noting
conditions that expose bare concrete, reinforcing steel, or cracks.

3.3.11 Metal Non-Destructive Evaluation Techniques

Frequently visual inspection alone is not enough to appropriately evaluate the condition of steel or
aluminum elements. When defects are difficult to detect visually, either because the defects are internal
or because of their size, there are many NDE methods available to assist the inspector. The following
sections outline the most common of these methods.
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3.3.11.1 Liquid-Penetrant Testing

Liquid-penetrant (also referred to as dye-penetrant) is a form of NDE used to highlight discontinuities,
including cracks, in the surface of nonporous, metallic materials. The procedure for its use is relatively
simple:

1. Clean and prepare the surface with appropriate cleaner

a. Emery cloths and/or blasting should not be used to clean surfaces as these may partially
obstruct penetrant from entering the discontinuity in the metal.

b. Wire brushes may be used as a last resort if proper cleaners are not available to remove
the paint and other foreign objects.

c. Ensure the areais dry prior to proceeding to Step 2.

2. Apply the penetrant and let it dwell

a. Do not use water washable penetrants for suspected fatigue cracks in steel.

b. Required dwell times may vary depending on the penetrant type, the temperature of the
specimen and the penetrant, relative humidity, type and size of discontinuity, etc.

c. Consult penetrant manufacturer recommendations for required dwell times.

3. Remove the excess penetrant from the surface

a. Perform each cleaning pass in only one direction.

b. Dry Pass - Perform dry pass to remove all excess penetrant. Perform only one pass so as
to not remove penetrant from discontinuities.

c. Wet Pass — Use enough solvent on a clean rag that one pass in one direction will remove
any remaining excess penetrant left after the Dry Pass is completed.

d. Solvent should never be applied directly to the specimen as this might wash out or dilute
the penetrant in the discontinuity.

4. Apply developer

a. Apply developer from a distance of approximately 9” — 12” minimizing overlap and runs
of developer.

b. Apply the developer as to form a thin white coating on the specimen without soaking the
test surface. A thick coating of developer may mask indications from being properly
identified.

5. Observe and document the length, width, and direction of the crack
6. Remove penetrant/developer and protect surface

a. Use solvent directly on surface to remove all remaining penetrant and developer and
allow area to dry completely.

b. Apply galvanizing spray paint or similar to protect test area from corrosion and
deterioration.

This method has the advantage of being portable, as well as easy to use and interpret. It is best used as a
tool during a visual or hands-on inspection, aiding the inspector in determining if the area should be
evaluated further. Although no specific qualifications are needed, the user should be familiar with specific
directions from the penetrant manufacturer.
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For more information on liquid-penetrant see:

e ASTM E1417 —05e1 Standard Practice for Liquid Penetrant Testing
e ASTM E165 — 02 Standard Test Method for Liquid Penetrant Examination

3.3.11.2 Ultrasonic Testing

Ultrasonic testing (UT) is a form of NDE used to detect internal flaws in metal elements. This typically
includes hanger pins, bearing pins, and anchor bolts where cracks, grooving, and other flaws would be
difficult or impossible to identify visually.

UT introduces high frequency sound energy into the element of interest via transducer. The energy
propagates in the form of a wave through the material until the wave path reaches a discontinuity in the
material, where some of the energy is reflected back to the transducer and the wave energy is recorded.
Based on the travel time of this wave to and from the discontinuity and an estimated wave speed, the
location of the reflecting discontinuity can be approximated. When this location varies from the known or
assumed length or thickness of the element, an internal flaw may be indicated.

To perform this test, the transducer must be coupled to the element of interest. This requires a flat,
smooth surface. Preparation of the surface by grinding may be required to remove loose paint, surface
corrosion, scale, and other foreign matter before testing. Care should be taken by the inspector to
remove only paint without gouging the base metal. Tight paint or scale need not be removed. The tested
area should be repainted after the test has been concluded to protect the base metal.

The equipment is relatively portable, however it requires skill and training to operate and interpret. As
such, operators of this equipment are required to maintain an American Society of Nondestructive
Testing (ASNT), SNT-TC-1A Supplement C, Level Il certification or higher to perform UT during DelDOT
bridge and sign inspections.

After the UT has been completed the technician shall provide a summary of the results to the bridge
inspector for inclusion in the bridge inspection report or submitted as a stand-alone report to the BIE.

A common form of UT not requiring additional certification is the digital ultrasonic thickness meter,
generally referred to as a D-meter. D-meters provide instant, digital thickness measurements of metal
elements, are very small in size, and are inexpensive, making them ideal for measuring section losses in
the field without specialized NDE personnel.

3.3.11.3 Magnetic Particle Testing

Magnetic particle testing (MPT) is a form of NDE used to detect near-surface flaws (typically up to 1/8”
below the surface, or less) of ferromagnetic materials such as steel. This includes cracks, even those filled
with paint or debris, and weld discontinuities. MPT has a high sensitivity in the detection of tight surface
cracks and other small discontinuities which may not be observed by liquid penetrant testing.
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The most common form of MPT introduces a magnetic field to the element of interest using externally
applied alternating or direct current. This current creates magnetic lines of force (flux) that are distorted
by near-surface discontinuities. Other forms simply use magnets to create this flux. A powder of fine iron
filings is applied to the magnetized element. These iron particles will be influenced by the flux,
highlighting any distortion. The pattern created by iron particles is then interpreted by the operator to
determine an indication of a flaw.

Surface preparation is not as rigorous as in other methods. The surface needs to be clean, dry, and free of
oil, grease, and loose corrosion. It is recommended that the testing be performed on bare, clean,
unpainted surfaces to detect very small discontinuities however this method can be conducted on
surfaces that are painted with non-conductive coatings up to 2 mils thick in accordance with ASTM E-709.
Discontinuities are best detected when their orientation is perpendicular to that of the test, meaning the
test should be conducted twice, each test oriented 90 degrees from the other.

This method is effective in indicating surface defects and will typically be more precise in the
identification of very small defects than liquid penetrant. The equipment is relatively portable, however it
requires skill and training to operate and interpret. As such, operators of this equipment are required to
maintain an ASNT SNT-TC-1A Supplement C, Level Il certification or higher to perform MPT during DelDOT
bridge inspections.

After the MPT has been completed the technician shall provide a summary of the results to the bridge
inspector for inclusion in the bridge inspection report or submitted as a stand-alone report to the BIE.

3.3.11.4 Eddy Current Testing

Eddy current testing is a form of NDE used to detect near-surface defects in conductive materials. This

includes small cracks, even those filled with paint or debris.

Eddy current testing places an energized probe coil near the surface of the element of interest. When the
AC current flows through the coil a magnetic field is created, which will introduce circulating “eddy”
currents into the nearby surface. Any surface discontinuities will affect the magnitude and phase of these
eddy currents, which will affect the loading on the coil, and in turn affect the measured impedance across
the coil. When a crack is immediately below the coil, the eddy currents will be interrupted and reduced,
decreasing the loading, and increasing the measured impedance. This change in effective impedance will
indicate the presence of a defect.

Similar to MPT, this method is an effective method to indicate surface defects even on elements coated
in non-conductive material. The equipment is relatively portable, however it requires skill and training to
operate and interpret. As such, operators of this equipment are required to maintain an ASNT SNT-TC-1A
Supplement C, Level Il certification or higher to perform eddy current testing during DelDOT bridge
inspections.
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After the eddy current testing has been completed the technician shall provide a summary of the results
to the bridge inspector for inclusion in the bridge inspection report or submitted as a stand-alone report
to the BIE.

3.3.12 Concrete Non-Destructive Evaluation Techniques

Concrete bridge elements may be subject to internal deterioration that visual inspection alone cannot
detect. NDE techniques can help inspectors identify these defects. It should be noted that no one method
of concrete evaluation tells a complete story; the more methods used, the more accurate the evaluation
will be.

Bridge decks in particular are exposed to harsher conditions than other bridge elements. Traffic and snow
plow impact, deicing chemicals, poor drainage, and freeze-thaw cycles can lead to deterioration of the
deck that directly affects the serviceability of the bridge. As such, non-destructive and destructive
evaluation of concrete bridge decks are important to manage these components and prioritize bridge
preservation. Where applicable, concrete deck evaluation techniques are highlighted. Deck evaluation is
performed as-needed per BIE instruction.

There are different forms of concrete deck evaluation, most of which test isolated points and interpolate
between them to come to conclusions about the condition of the entire deck. To assist in determining
these test locations as well as correlating the data to these locations, it is common practice to lay out a
grid on the deck surface. Simply using a water based paint to mark a dot on the deck on a 2-foot x 2-foot
grid is sufficient enough for most forms of NDE. The use of a pre-made ‘jig’ can be the most efficient
method of laying out the grid.

3.3.12.1 Sounding/Chain-drag

Sounding is the most common method of determining the location of delaminations. This method is

performed by striking the concrete surface with a hammer. If the area struck by the hammer exhibits a
shallow delamination, then the area will sound “hollow”. This is an effective way of determining if the
near-surface area is in the later stages of delamination, however it is not capable of identifying deep
delaminations or delaminations in the early stages of cracking before the delamination has completely
debonded. This method also will not provide information about the depth of the defect. When sounding a
concrete deck, an overlay can make it very difficult to differentiate between a delamination and a
debonded overlay.

Although the use of a hammer is portable and easy to perform, it is limited to specific areas and is not
practical in evaluating larger areas such as an entire bridge deck. To assist with this it is common to use
the chain-drag method. Chain-drag is performed by dragging a set of chains across the deck. As the chain
is pulled, each chain-link impacts the deck. Similar to sounding, a delamination is indicated by a hollow
sound. Using this method the tester can evaluate large areas of the bridge deck at a time. When the
tester locates a delamination, a hammer can be used to sound the area and more accurately define the
extent of the delamination. The delamination is then marked on the bridge deck. The size and location of
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that area is then recorded, typically using measurements along spans and within lanes to help locate and
report the delamination globally on the bridge as opposed to the placement of a grid.

After the sounding has been completed a report mapping the location and size of each delamination
identified shall be provided by the bridge inspection team to be included in the inspection report or
submitted as a stand-alone report to the BIE.

3.3.12.2 Impact Echo

Impact echo (IE) is a method of NDE used to detect delaminations and can identify them in the early

stages of cracking. It can be used on any concrete surface, but is most typically and effectively used on
concrete bridge decks.

This method is performed by placing a receiver at the point of interest, then impacting the surface of the
concrete near the receiver with a small impactor (frequently a steel ball, between 5mm - 15mm in
diameter, at the end of a thin steel rod). The impact sends compression stress waves through the
concrete. These waves will propagate through the concrete until it reaches an interface of two materials
with different acoustic impedances (e.g. concrete and air).

In a solid section of concrete, the compression waves will propagate the full-depth of the member and
reflect off the opposite side where the concrete and air interface. It will then propagate back to the
surface where it will be recorded by the receiver and reflect back downward. The wave continues back
and forth, with the receiver set to record long enough to catch multiple passes. The receiver’s signal is
then processed determining the “peak frequency”, which indicates the frequency of these passes. The
peak frequency is dependent solely on the depth of the section and wave velocity, which is constant for
each concrete section. Ultimately a lower frequency indicates a deeper the section, and a higher
frequency indicates a shallower section.

In a section of concrete that is in the early stages of delamination, where a subsurface crack is present
but has not debonded from the base material, part of the energy of the compression wave is reflected at
the crack interface. Part of the energy will reflect back and forth between the surface and the crack with
the remaining energy reflecting back and forth between the surface and the underside. When the
receiver’s signal is processed, two peak frequencies are identified: One low frequency from the opposite
side of the member and one higher frequency from the crack. If the wave speed is known or assumed,
the depth of the crack can be approximated.

If the delamination is fully debonded, then another phenomenon controls. The upper debonded section
of the concrete acts independently, similar to a drum. In this case the peak frequency will become much
lower than those recorded in the solid section.

On concrete decks, data is commonly taken at each point on a 2-foot x 2-foot grid. Although the basic
system requires placing the receiver and making the impact by hand, many manufacturers and
consultants have developed systems that allow inspectors to perform the test while standing as well as
automated machines that collect data and advance automatically. Once this data is collected and
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processed it can be presented in many different ways. For deck evaluations it is most commonly
presented as a contour map, with the each grid point associated with a condition value and those values
plotted on a color scale over the plan view of the deck.

Although this method works well to detect delaminations, even in the early stages of development, it is
relatively slow and requires the closure of at least one travel lane at a time to evaluate a deck. It should
also be noted that defects below a delamination or debonded overlay will not be detected with this
method; it will only detect the shallowest defect.

After |E has been completed at each grid location a report showing the results in a contour map shall be
generated for inclusion in the bridge inspection report or submitted as a stand-alone report to the BIE.

3.3.12.3 Ground-Penetrating Radar

Ground-penetrating radar (GPR) is a method of NDE used on concrete to determine the presence and

pattern of steel reinforcement as well as to indicate the presence of a corrosive environment within. The
following description identifies techniques for its use on concrete decks as it is most effective for that
purpose, however it can be used for all reinforced concrete members with similar, handheld devices.

This method is performed by moving the GPR equipment across the deck along a line of interest.
Although there are a number of types of GPR systems, including multi-channel GPR array, dual
polarization antennas, and air-coupled antennas, the most common system is the ground coupled
system, normally mounted to a cart for ease of movement. At each point of interest, the transmitter in
the equipment near the surface of the concrete deck sends out an electromagnetic wave into the section
of deck. This wave propagates through the material until it reaches an interface with differing relative
dielectric permittivity (e.g. concrete and steel). At this interface, a portion of the wave energy is reflected
back to the surface of the deck.

The portion of energy reflected is proportional to the difference in the dielectric permittivity at the
interface. For example the interface between concrete and steel reinforcement will reflect much more
energy than the interface between concrete and air.

After the electromagnetic wave is reflected back towards the surface, it is recorded by the receiver in the
equipment. Based on the time of travel and the assumed velocity of the wave, the depth of the reflector
can accurately be indicated. The signal is typically recorded for 10-20 nanoseconds. This quick test time
allows many tests to be taken in quick secession. Typical ground coupled units will record a signal along a
test line every 60 of a foot, as fast as the cart can be pushed across the deck.

The results of these lines of tests are shown in what is called a B-Scan. A B-Scan is a 2-D plot in which the
X-axis represents the distance along the line, the y-axis represents the depth into the deck, and the
amplitude of the signal is shown in in greyscale. This plot depicts a type of cross-section of the deck along
the test line, with long reflectors (underside of deck, steel reinforcement run parallel to the test) shown
as lines, and point reflectors (steel reinforcement run perpendicular to the test) shown as parabolas.
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Because the concrete/steel interface reflects so strongly, GPR is a great tool for locating steel
reinforcement. However, it reflects most of the energy, leaving it “blind” to any reflectors behind it. As
such, it is common practice to run tests perpendicular to the top layer of reinforcing steel.

The concrete/air interface does not reflect as much energy, making directly identifying delaminations
difficult with GPR. Even though it cannot directly indicate a delamination, it can identify a corrosive
environment, which would be prone to delaminations. Concrete with higher concentrations of chlorides
and other corrosive particles will increase the attenuation of electromagnetic waves compared to that of
sound concrete. After all the signals have been recorded the data is processed to identify each
perpendicular steel reinforcing bar. The magnitude of the reflection caused by each bar is compared.
Areas where the reflection magnitude is comparatively lower than other parts of the deck indicate a
higher presence of chlorides and a more corrosive environment.

After GPR has been completed at each grid line a report showing the results in a contour map shall be
generated for inclusion in the bridge inspection report or submitted as a stand-alone report to the BIE.

3.3.12.4 Electrical Resistivity

Electrical resistivity is a method of NDE used to assess the ability of the concrete to protect its steel

reinforcement from corrosion. This method does not directly indicate defects or corrosion, merely
guantifies the potential for advanced corrosion rates.

This method measures the electrical resistivity of the concrete. The higher the resistivity of the concrete,
the greater the resistance the concrete provides to the corrosion current passing between the anodic and
cathodic areas of the steel reinforcement, reducing corrosion rates. Resistivity values greater than 7.88
kQ-inch are associated with very low corrosion rates. Low resistivity values (less than 1.97 kQ-inch) allow
ions to flow more freely and can support very rapid corrosion of the steel reinforcement.

The most common device to measure electrical resistivity is the Wenner array. This device uses four
probes, spaced equally along a line. The ends of these probes typically have a wetted sponge to allow the
probes to couple to the concrete element. Pre-wetting the test location is typically performed to assist
with this coupling. Once the four probes are placed on the element, an electrical current is applied to the
two exterior probes. The resulting potential is measured between the two interior probes. Based on this
measurement the device then calculates and displays the resistivity of the concrete.

For evaluation of decks, electrical resistivity is commonly tested on the same grid as the Impact Echo tests
and can be performed simultaneously.

After electrical resistivity testing has been completed at each grid location a report showing the results in
a contour map shall be generated for inclusion in the bridge inspection report or submitted as a stand-
alone report to the BIE.
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3.3.12.5 Half-Cell Potential

Half-cell potential is a method used to assess the probability of active corrosion of uncoated steel

reinforcement in concrete members.

This method is performed by first connecting the positive end of a high-impedance voltmeter directly to
the steel reinforcement mesh. As the reinforcement mesh is not typically exposed, this test may require a
core hole be drilled for this connection to be made, so it may be advantageous to simultaneously
schedule additional coring tests as discussed later in this Manual (see Section 3.3.12.7). Once the
connection is made the test can be performed from the deck surface anywhere above the connected
steel mesh. The other terminal of the voltmeter is connected to a reference electrode, typically a copper
electrode in a copper sulfate solution. The reference electrode is coupled to the pre-wetted concrete at
each test point, where the potential difference is measured in volts. Values greater than -200 mV indicate
there is a low probability of active corrosion and values less than -350 mV indicate a high probability of
active corrosion, with values in between being inconclusive.

It should be noted that epoxy coated steel cannot be tested with this method, and concrete coatings
(asphalt overlays) may influence or nullify the results. Most bridges in Delaware include epoxy coated
steel, so this method may only be suitable for older structures in DelDOT’s inventory.

After half-cell potential testing has been completed at each grid location a report showing the results in a
contour map shall be generated for inclusion in the bridge inspection report or submitted as a stand-
alone report to the BIE.

3.3.12.6 Infrared Imaging

Infrared (IR) imaging, also known as thermal imaging, is a method of testing concrete members for
delaminations.

This method uses natural temperature gradients of the concrete to indicate the presence of
delaminations. As the ambient temperature warms the member in the morning or cools the member in
the afternoon an infrared image is taken. The infrared image depicts the temperature of the surface of
the member. Because the sub-surface crack of a delamination acts to impede the transfer of heat from
the delaminated surface to the remaining depth, these surfaces warm quicker than a fully-intact section.
Like-wise, the delaminated sections also cool faster in the evening. This difference in surface temperature
can be picked up by the infrared image and indicate a delamination.

The surface temperature can be affected by different factors other than the presence of delaminations.
Surface material/color, shadows, orientation of the surface to the sun, and ponding water can all affect
temperature readings. An infrared image is often paired with a normal picture, which allows the inspector
to reference the indications to a location on the member and identify possible false indications.
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This method allows a large area, such as the deck, to be scanned at once. However, IR must be performed
during a time in which the ambient temperature is different than that of the concrete, making this
method more dependent on environmental conditions than other methods.

After IR testing has been completed a report showing the results shall be generated for inclusion in the
bridge inspection report or submitted as a stand-alone report to the BIE.

3.3.13 Timber Non-Destructive Evaluation Techniques

Timber bridge elements can potentially be subject to deteriorations where visual inspection techniques
are unable to appropriately evaluate their condition. Physical and NDE inspection techniques can assist
the inspector in identifying the location, severity, and extent of timber defects. Certain methods can also
be utilized in the field to identify properties necessary for performing a load rating such as moisture
content.

3.3.13.1 Sounding

Similar to concrete, timber can be sounded by striking it with a hammer. A dull or hollow sound may

indicate the presence of an interior void or area of deterioration or decay, and nearby loose hardware will
vibrate. This is an effective way of determining large and near-surface defects, however it is not capable
of identifying deep or small internal deterioration and will not provide information about the depth of the
defect.

3.3.13.2 Probing

Timber deterioration located near the surface can be indicated through probing. A moderately pointed

tool such as a knife, awl, or pick is used to locate areas that are excessively soft and lack resistance to
penetration. The breakage pattern by probing can also indicate decay. When inserting a probe across the
grain of timber, an abrupt break at the location of insertion indicates decay, whereas splintering indicates
sound wood.

3.3.13.3 Stress Wave Velocity

Stress wave velocity method, also known as spectral analysis, can identify areas of internal deterioration

by measuring the velocity that an induced stress wave propagates through the material. Stress wave
velocity is dependent on the material properties of the timber. The wave will propagate slower through
deteriorated timber than through solid/sound timber. Other material properties can affect the velocity as
well, including direction of cell structure (ring orientation), moisture content, and preservative treatment,
so it is important to consider these conditions when analyzing the results.

There are many methods to measure the stress wave velocity. It should be noted that the only difference
between sonic and ultrasonic stress wave methods is the frequency of the stress waves induced by the
impact. This difference does not affect the velocity of the stress wave or results.

DalDOT 3-42 2020



BRIDGE INSPECTION MANUAL

Typically, stress wave velocity is measured with a “time of flight type” technique. In this method, two
sensors (either accelerometers or piezoelectric) are coupled to the timber at a known distance. A stress
wave is introduced into the timber by either mechanical means (hammer) or a pulse generating
transducer. As the stress wave passes the first sensor a timer is started. When it passes the second sensor
the timer is stopped. With this time of flight and known distance, the velocity can be calculated then
compared to other areas of known deterioration as well as theoretical values.

Stress wave velocity can also be measured with a “pulse echo” technique. In this method one sensor is
placed near the stress wave inducing impact. When the impact is made, a timer starts. The stress wave
propagates through the material to the opposite surface of the member where it is reflected back
towards the sensor. When the wave arrives back at the sensor, the timer is stopped. Knowing the depth
of the member, the velocity can be calculated. This method is especially useful if access is unavailable to
both faces of the timber member being investigated.

3.3.13.4 Moisture Content

Moisture content can strongly influence the rate of deterioration of the member and is necessary for

performing a load rating. The two most common techniques for determining moisture content include
using a resistance type meter or the electromagnetic wave technique. A resistance meter measures the
resistance of an electrical current through the timber. The less resistance measured in the material, the
higher the moisture content. In this method two pins are driven into the timber member of interest, and
the electrical resistance is measured between these pins.

Using the electromagnetic wave technique, a probe is place against the timber member of interest, and
an electromagnetic field is emitted into the member. The behavior of the field is dependent on the
moisture content and measured by the probe. This method only requires a flat surface to couple the
probe to and does not require driving pins into the member.

3.3.14 Destructive Evaluation Techniques

3.3.14.1 Concrete Coring

Evaluation of concrete often requires physical sampling of the material. The most convenient method of
sampling is by coring. This is performed per ASTM C 42, typically using diamond impregnated coring bits
with diameters of 2-4 inches. The extracted cores can then be used for an assortment of material
properties tests such as compression tests, dynamic elastic moduli tests, chloride profiling, and
petrographic analysis as well as simple visual inspection. The core results can also be used as benchmarks
by which other forms of NDE can be verified or calibrated.

Coring location(s) shall be specified by the BIE or Bridge Maintenance Engineer. Typically before the
coring takes place, a pachometer or GPR unit is used to locate steel reinforcement so damage to the
reinforcement from coring activities can be avoided. The required depth of the core is typically marked
on the drill bit itself. The depth of the core can vary from a few inches to nearly the full-depth of the

3-43 2020



member, depending on the desired test. Once the drill has reached the desired depth, the core is cracked
off at the bottom. This crack may not be completely flat and should be accounted for when determining
the core depth before drilling. Once the core is removed it should be marked and wrapped for storage
before being tested. The void from the removed hole should be patched with a quick setting concrete
(type to be submitted and approved by the BIE prior to commencing work) and given the required time to
cure before the bridge is reopened to traffic.

After the cores are completed, a report showing an image of the core, as well as the results of the test
shall be generated for inclusion in the bridge inspection report or submitted as a stand-alone report to
the BIE.

3.3.14.2 Timber Coring

Evaluation of timber often requires physical sampling of the material. The most convenient method of

sampling is by coring, sometimes called pencil coring. This is performed typically using an increment borer
with diameters of 0.169-0.200 inches. The extracted cores can then be used for visual inspection and an
assortment of material properties tests to determine moisture content, strength, and the presence of rot
or fungus. The core results can also be used as benchmarks by which other forms of NDE can be verified
or calibrated.

Location(s) of coring shall be selected to avoid bolts and pins. Typical coring locations are at or near the
waterline, at ends of caps, and at uniform spacing between. The depth of the core can vary from a couple
inches to nearly the full-depth of the member, depending on the desired test; however, cores should stop
approximately 2 inches from the backside of the member. Once the drill has reached a location of rot, the
depth of the core should be measured prior to continued coring. Additional cores are usually taken
around a confirmed location of rot to determine its approximate extents.

Once the core is removed it should be marked and wrapped for storage before being tested. The void
from the removed hole should be filled with a small amount of creosote then sealed with a plug. The drill
bit should then be disinfected to prevent transfer of rot.

After the cores are completed, a report showing an image of the core, as well as the results of the test
shall be generated for inclusion in the bridge inspection report or submitted as a stand-alone report to
the BIE.
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3.4 Inspection Activity Related Timeline

The following table represents the typical and desired timeline for a DelDOT bridge inspection including
reporting, load rating, and load posting. If these timelines cannot be met due to weather related events,
inspector personal leave, state holidays, equipment / traffic control limitations, or larger bridge structures
requiring additional report, inspection, or analysis efforts, notify and coordinate with the BIE prior to the
milestone date. Not all items will be required for every bridge inspection.

Time Constraint
Activity (Taken from the Inspection Start Date) Notes
In-House Staff | Consultant Staff

Inspect Bridge +/- 2 Weeks of the Next Inspection Date 12
(Inspection Start Date) listed in the previous Inspection Report ’
TL Notifies BIE/BME of new Critical Finding Immediately (that day — preferably while
(NBI Condition Ratings <2) the inspection team is still out on site)
BIE/BME Field Verification of Critical Finding 24 hours
1. BME to Submit Critical Bridge Action Form
2. TL to Notify BME of Missing or Incorrect Load

Posting Restriction Signs 3 calendar days 5,7
3. TL to notify BME of Incorrect Load Rating Data

in Database
BIE Field Verification of new NBI Condition

. 7 calendar days 5
Ratings 3 or4
Submit Maximo Work Order(s) 14 calendar days See note 7 6
Elrspare and Submit Draft Inspection Report to 14 calendar days 45 calendar days
Submit Draft Load Rating Analysis to BME 21 calendar days 21 calendar days 3
BIE t.O Review Draft Inspection Report and 28 calendar days 60 calendar days 4
Provide Comments to Team Leader
BME to Review and Finalize Load Rating Analysis 28 calendar days 28 calendar days 3
BME to Create or Update Load Posting Resolution
and Distribute to Chief Engineer for Signature 35 calendar days 35 calendar days 3
Team Leader to Revise Report and
Submit Final Inspection Report to BIE 35 calendar days /5 calendar days
BME to Distribute Load Posting Resolution 45 calendar days 45 calendar days 3
BIE to Finalize Inspection Report in Database and
Distribute Report to Team Leader for Signature 45 calendar days 82 calendar days
Team Leader to Sign Inspection Report 60 calendar days 90 calendar days
BME Verification of Load Posting Sign Placement 90 calendar days 90 calendar days 3
or Removal
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Timeline Notes:

1.

The +/- 2 weeks is typically what we strive for however a bridge may be inspected prior than 2
weeks before the due date as determined by the BIE. In addition, a bridge may be inspected
beyond 2 week after the schedule in section date as long as it is inspected within the 30-day
window as per the NBIS.

Privately-owned and DRBA bridges must be inspected with the inspection report and NBI ratings
submitted prior to the previous inspection date plus 180 days.

Load ratings should be updated within this time frame of the inspection date when damage or
deterioration that warrants a structural review is found during the inspection. For more complex
or larger structures the amount of time for the draft load rating analysis to be submitted to the
BME and for the BME to review and finalize the analysis may be extended.

BIE shall use the Quality Control Inspection Report Review form included in Appendix A.

This is only applicable if the NBI condition rating changed from a 5 (or greater) to a 4 or 3 during
the most recent inspection. If the NBI condition rating remained as a 4 or 3 from the previous
inspection the bridge typically won’t be revisited by the BIE or BME.

Maximo work orders recommended by consultant inspection staff are generally placed by the BIE
somewhere between reviewing the draft inspection report and finalizing the report. The actual
time from that of the inspection date will vary depending on the complexity of the bridge and size
of the inspection report.

If the inspection team finds missing or incorrect load posting restriction signs, refer to section
3.5.6.1 for discussion on the timeline requirement for addressing the issue.
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3.5 Inspection Guidelines

3.5.1 Element Level Data

Element level data shall be collected during each inspection and recorded into the AASHTO BrM software,
which will be uploaded to the live bridge database, by the BIE, on a routine basis. Guidance on element
selection, condition rating, quantities, scale factors, bridge orientation, and span numbering can be found
in the DelDOT BEIM.

3.5.2 NBI Coding and Condition Rating Data

3.5.2.1 Inventory Data

Inventory data is stored and updated in the BrM software. The NBI Inventory Forms, included in Appendix
A, shall be completed and submitted to the BIE upon completion of the inventory inspection. These forms
include the inventory and appraisal data along with the condition ratings. The inspection team shall refer
to the NBI Deck Items Reference Table for assistance with the proper selection and data coding for
various NBI items related to the bridge deck and structure type. The NBI Deck Items can be found in
Appendix B. The BIE will be responsible for transferring the data from the form into the BrM program.

For guidance on coding each inventory item, reference the NBI Coding Guide with DelDOT comments
located in Appendix C of this Manual. Information regarding the Recent ADT, Recent ADT Year, and Truck
Percentage (ltems 029, 030, and 109) can be found in the most current Delaware Vehicle Volume
Summary (Traffic Counts) available on the Publications page of the DelDOT website at
www.deldot.gov/information/pubs_forms. When the inspector must interpolate the ADT due to entrance
or exit ramps or insufficient available data, the TL shall include a brief explanation of the calculation in the
Inspection Notes. ADT values for ramps can be obtained from the BIE.

ltems 29, 30, and 109 pertaining to ADT and truck traffic are the only codings to be updated by the
inspection team in inspections subsequent to an inventory inspection. All other coding changes deemed
necessary by the TL should be communicated to the BIE for further direction and approval.

3.5.2.2 Appraisal Data

Appraisal data is stored and updated in the BrM software. Items 36A, 36B, 36C, and 36D pertaining to
guardrail and railings are the only ratings to be confirmed or updated by the inspection team after an

inventory inspection has occurred for a replacement or modification of the rail system. Items 67-69 are
calculated automatically be DelDOT’s BMS when the Sufficiency Rating (SR) is calculated. After the
inventory inspection, Items 71, 72, and 113 are updated only when a change has been made to the
bridge, approach roadway, or waterway. Appraisal rating changes deemed necessary by the TL should be
communicated to the BIE for further direction and approval.

For guidance on coding each appraisal data item, reference the NBI Coding Guide with DelDOT comments
located in Appendix C of this Manual. The SR is automatically calculated within BrM upon BIE review and
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require no inspector action. Even though use of federal funds for bridge preservation activities is no
longer associated with the SR, it is still calculated and displayed within the inspection report. Further
information regarding the coding of traffic safety features can be found in the Bridge Inspector Traffic
Safety Features Rating Manual located in Appendix C (not all safety features will apply in Delaware)
and/or in the AASHTO Roadside Design Guide .

3.5.2.3 Condition Ratings
Condition rating data is stored and updated in the BrM software. Items 58, 59, 60, 61, and 62 pertaining

to the overall condition of the structure and channel are to be confirmed or updated by the inspection
team.

For guidance in coding condition ratings for concrete decks, superstructures, substructures, and
corrugated metal pipe culverts, reference Appendix G of the BEIM. Further guidance in rating corrugated
metal culverts can be found in the DelDOT Policy for Inspection and Load Posting of Corrugated Metal
Culverts located in Appendix C. For all other condition ratings reference the NBI Coding Guide with
DelDOT comments located in Appendix C.

New NBI Condition Ratings of 4 or lower must be brought to the attention of the BIE within 24 hours of
the inspection. Any reduction to NBI Condition Ratings already rated 4 or lower must also be brought to
the attention of the BIE in a similar timeframe.

3.5.2.4 Agency Data Fields
In addition to the standard NBI data and condition ratings, DelDOT utilizes agency-specific data fields. A

number of the data fields are to be identified during the inventory inspection by the inspection team.
These items are included in the NBI Inventory Forms and follow the same protocol as the NBI items. The
Agency Data Field Reference Tables in Appendix B provide a description for inspector use during the
inventory inspection.

There are three other agency field tabs within the BrM program: detailed vertical clearance, load rating
and posting, and preventative maintenance data. These fields are not to be populated or modified by the
inspection team. The detailed vertical clearance tabs are to be updated by the BIE. The load rating and
posting and preventative maintenance tabs are to be populated and updated by the BME.

3.5.3 Inspection Documentation Requirements

Inspection notes can be documented in a variety of ways. Element comment fields within BrM are always
to be used to record inspection findings, however forms and sketch sheets may be required in order to
thoroughly depict the condition of the bridge and its surroundings at the time of the inspection. Standard
forms and sketch sheets are provided in Appendix A of this manual. All additional notes, forms, and
sketches are to be uploaded through the Inspect program.
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The names of all personnel that participated in the inspection shall be noted in the Inspection Notes in
BrM. Identify which personnel performed the following roles using the abbreviation in parenthesis:

e Team Leader (TL)

e Fracture Critical Team Leader (FC)

e Inspection (l)

e Scour Sketch Sheet and Scour Sounding Sheet (S)
e Photos (P)

e Under Record Sketch Sheet (U)

e Review of Report (R)

Once the inspection report is finalized and printed, the TL shall sign and date the SDR where this
information is displayed.

3.5.3.1 BrM Element Comment Fields

Element comment fields shall be used to explain defects and condition states for each respective

element. If no defects are found, the inspector shall add a comment stating this such as “no defects
noted” (NDN).

If the comments for a particular element exceed the character limit in BrM, notes for that element should
be transcribed to a word document and included in the report through the Inspect program. The
inspector shall label the sheet with the appropriate span and element numbers and add a note to the
element comment field to see additional pages for element notes.

3.5.3.2 Waterway Skeitch Sheet

Waterway sketch sheets are broken into plan and elevation views. The plan view shows the adjacent

features of the bridge along the channel, flow arrow, north arrow, areas of bank erosion, and limits of
scour. The elevation view shall capture a typical cross section of the bridge indicating underclearance,
water level, high water level, substructure and footing dimensions, pile and sheet pile dimensions, and
detailed scour dimensions.

Refer to Appendix A for template and sample forms/sketches.

3.5.3.3 Sounding Sheet

Sounding sheets are used to monitor streambed elevation at specified points around a particular bridge’s

substructure and the thalweg of the stream. Reference the general notes and guidelines on the back of
the sounding sheet to properly fill out this form. Complete the spillway information if one is located
within 50 feet of the bridge.

Refer to Appendix A for template and sample sounding sheets.
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3.5.3.4 Underclearance [/ Overclearance Sketch Sheet

The underclearance sketch is used for bridges over railroads or roadways to document the vertical and
lateral clearance measurements. Vertical measurements shall be taken at all solid lines and skip lines of
the under record roads and all railroad tracks of the under record railroads along both fascia beams. The
overall minimum vertical clearance shall be recorded as well. Minimum left and right lateral clearances
shall be documented.

An overclearance sketch will show an elevation view of the overclearance obstruction; i.e. bridge, roof,
sign structure, etc. The minimum vertical clearance shall be documented.

Refer to Appendix A for templates and sample forms/sketches.

3.5.3.5 Beam Sheets

Beam sheets shall be used to identify general areas of deterioration observed during inspection that

correlate to an element condition state rating of a 3 or 4. For areas assigned an element rating of CS4,
inspectors shall also prepare a separate sketch providing a more detailed view of the deterioration that
accurately notes measureable section loss, spalling, or cracking of stringers, floorbeams, and
beams/girders. Inspectors shall clearly identify the span, beam number, and orientation of each sketch.

Refer to Appendix A for template and sample forms/sketches.

3.5.3.6 Rocker Bearing Sheets

Rocker bearing sheets shall be used at all rocker bearing locations with CS3 or 4 defects to document the
bearing expansion or contraction, ambient temperature, and the tilt angle. Confirm that bearing angle
measurements are being taken parallel to the centerline of the bearing. The angle may need to be taken
independent of a bearing element if the bearing has tapered sides.

Refer to Appendix A for template and sample forms.

3.5.3.7 Joint Measurements and Tracking

Joint measurements shall be taken and documented in the respective BrM joint element notes for all
armored joints. The joint gap, location the measurement was taken, and ambient temperature shall be
noted during all routine inspections.

Refer to Appendix A for template and sample forms.

3.5.3.8 Other Sketches and Miscellaneous Documentation

Additional defects requiring a sketch include loss of bearing greater than 10%, when the NBI Deck item is
rated 5 or lower, significant impact damage and deformations, and cracks in steel elements.

Inspectors may create additional sketches or sheets not covered in this section as needed in order to
accurately and fully document the current condition of the bridge. In all cases, inspectors shall create a
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sketch thoroughly documenting the defects, their dimensions, and their severity. Define any shorthand
that may not be readily understood. Tabulation sheets may be necessary for easier documentation of
severe defects occurring at multiple locations on a bridge, such as steel cracking.

When first preparing deck sketch sheets for a bridge, a full sounding may be necessary to confirm the NBI
Deck rating. Subsequently the BIE will determine if an increased frequency of special inspections is
required to complete further sounding or NDE.

Refer to Appendix A for sample sketches.

3.5.4 Photograph Requirements

Photographs are an invaluable part of any bridge inspection. Along with appropriate captions and
associated condition notes, photographs help to document bridge configuration and conditions in more
detail than words alone and are often essential to understanding a condition as it exists in the field.

For inventory, routine, fracture critical, and underwater inspections, DelDOT utilizes the Inspect program
to store photographs, their associated captions, and generate the photo log to be included in the report.

DelDOT requires two types of photographs, standard and condition, but guidelines for all photographs
included in an inspection report are generally the same:

e Photographs must be digital and at an appropriate size and quality to clearly present the subject
while maintaining reasonable file sizes. Photographs should be no smaller than 640 x 480 pixels
(0.3 MP) to preserve quality and no larger than 2048 x 1536 pixels (3 MP) to control file size.

e Inspectors should provide appropriate lighting so the subject and adjacent elements are clearly
visible in the photograph.

e Inspectors should ensure that the photograph conveys both the significance of the defect and
how it relates to the element and the overall structure. This may require one photograph
showing the general area and a second photograph to show the defect in detail.

e Inspectors should include a ruler or tape measure for scale when photographing specific
elements or defects. Pens, pencils, hammers, and other objects without a graduated scale should
not be used for this purpose.

e Photographs must be presented in landscape orientation.

e Captions should identify the element(s) shown, indicate the location on the bridge, and include a
brief description of the defect, if applicable. Due to limitations of the Inspect program,
abbreviations may be necessary. When space permits, the direction the photo is “looking” may
also be helpful in orienting the reader.

3.5.4.1 Standard Photographs

Standard photographs depict the general configuration of the bridge. They are required for inventory,

routine, fracture critical, and underwater inspections and should appear first in the report photo log.
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The inspector may decide that additional photographs are necessary to adequately convey the

configuration of the structure, such as for complex bridges with unusual configurations, and may include

these following the standard photographs. The following table lists the required standard photographs

and the order in which they should appear in the report (fracture critical and low clearance inspections

should follow the routine inspection requirements):

e Inventory Routine Underwater
Photograph Description ] . )
Inspection Inspection Inspection

1. Approach The bridge deck and roadway Both One approach | One approach

Roadway including approach guardrail, approaches (in direction of | (in direction of
looking onto the bridge. Taken traffic for traffic for
from the approach roadway. bridges with bridges with

one direction one direction
of traffic, of traffic,
preferred) preferred)

2. Elevation An elevation showing the general Both One elevation | One elevation

View configuration of the bridge and elevations
including its entire length when
practical.

3. General View | General views of the underside of | Required Required Elevation of
the structure showing typical each
examples of each of the bridge’s substructure
superstructure types. unitin

waterway

4. Upstream/

Looking upstream at the waterway

Each feature

Each feature

Each waterway

Under Record beneath or looking north/west at crossed crossed crossed (may
the roadway beneath. Taken from be taken from
the bridge deck and including a waterway)
small portion of the barrier at the
bottom of the photograph as a
reference point.
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Photograph

Description

Inventory
Inspection

Routine
Inspection

Underwater
Inspection

5. Downstream/

Looking downstream at the

Each feature

Each feature

Each waterway

Under Record waterway beneath or looking crossed crossed crossed (may
south/east at the roadway be taken from
beneath. Taken from the bridge waterway)
deck and including a small portion
of the barrier at the bottom of the
photograph as a reference point.

6. Deck View Overall view of top deck surface. Each deck / Each deck / -

wearing wearing
surface type surface type

7. Bridge Plaque | View of one typical plaque on the If applicable If applicable -
bridge.

8. Vertical View of one typical advance If applicable If applicable -

Clearance Signs | vertical underclearance sign
leading to the bridge.

9. Load Posting View of one typical load posting If applicable If applicable -

Signs sign leading to the bridge.

10. Fender General view of each fender If applicable If applicable If applicable

System system on the bridge.

3.5.4.2 Condition Photographs

Following the standard photographs in the report, inspection teams should include photographs
documenting the bridge’s condition and defects. The report should reference photographs in the element
notes. Photos not pertaining to specific bridge elements shall be referenced in the Inspection Notes field
within BrM.

All instances of deficiencies on structural members receiving a rating of CS4 per the BEIM or requiring a
Maximo maintenance request should be photographed and included in the report.

For structural elements receiving a rating of CS3 or requiring a maintenance recommendation, inspectors
must minimally include a photograph representing the worst case of each type of deficiency of a specific
element. If multiple CS3 defects of different types exist for a certain element, include a photograph of
each defect type. For example, if a number of reinforced concrete columns exhibit wide cracks and spalls
greater than 6-inches in diameter (both CS3 defects), inspectors should include at least one photograph

3-53 2020



of a wide crack and one photograph of a 6-inch diameter spall to represent the entirety of similar defects
on columns throughout the bridge. An area of wide cracks receiving a CS3 rating on another element such
as a pier cap would require at least one additional photograph.

Inspectors may include any additional photographs they deem necessary, regardless of element rating, to
accurately and clearly represent the condition of the bridge.

3.5.5 Load Ratings

This section provides guidance in the development of bridge load ratings. Additional information on load
rating policies can be found in Section 108 of the DelDOT Bridge Design Manual (BDM) and the current
version of the MBE.

Typically, bridges are not load rated as a part of their routine inspection. However, discovery of significant
loss of section, continued deterioration, or suspected loss of capacity during the inspection may prompt a
load rating analysis per the BIE/BME. These areas of deterioration should be given special attention
during the field inspection and the inspection team shall produce detailed sketches documenting the
deficiencies. The field measurements that differ from the plans shall be used to update the load rating to
determine if the load carrying capacity has been compromised.

Any structural element that has a condition rating that contains the phrase “warrants analysis” shall have
the load ratings evaluated; this is typically at the NBI condition rating of 4 or worse. The evaluation could
involve engineering judgement from the BIE, BME, or LRE based on past experience and knowledge.
DelDOT policy also requires load ratings be reviewed and updated at least every ten (10) years over the
life of the bridge.

Consultant teams shall receive direction from the BIE/BME prior to performing a load rating analysis.

3.5.5.1 Re-Rating Verification

The inspection team shall check the previous inspection report, notes/sketches, and load rating summary
to identify if the bridge was load rated as a result of the bridge condition or specific deterioration found
during the prior inspection. If a load rating was completed during the prior inspection as a result of the
bridge condition or deterioration, the current inspection team shall review the previous load rating and
member section property assumptions and compare to the documented section properties from the
most recent inspection to determine if a new analysis is justified. If existing section properties have not
deteriorated or changed since the completion of the previous load rating, a new rating may not be
warranted. If existing section properties have deteriorated, re-evaluation of the capacity of the bridge
may be required. Consult the BME if there are questions as to whether a load rating must be performed
based on findings from the inspection.

3.5.5.2 Inspector Generated Load Ratings

If after verification of the existing load rating data an updated analysis is deemed necessary, an inspector
generated load rating shall be performed. Load ratings are to be performed by the engineer team
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member or the engineer team leader. A Professional Engineer registered in the State of Delaware is
required to review the load rating analysis. If there is no engineer team member or engineer team leader
on the inspection team for a specific bridge inspection, then consult the DelDOT Load Rating Engineer
and provide necessary beam sketches and section details so an analysis can be assigned and performed.

Consultants will be assigned structures for which they are to load rate by the DelDOT BIE. The load rater
shall possess a Bachelor’'s Degree or higher in Civil Engineering and have knowledge of structural analysis
methods and/or structural design. A Professional Engineer registered in the State of Delaware is required
to review the load rating analysis prior to submission of the load rating results to DelDOT’s LRE or BME.

All load ratings and submissions must follow the guidelines set forth in this Manual, the BDM, and the
MBE.

3.5.5.3 Load Rating Data Verification

As part of the bridge inspection process, the inspection team is required to check that the load rating info

in the BrM program matches that of the most recent load rating analysis summary in the bridge
inspection file. If discrepancies in the load rating data are found, inspectors are not to change the data in
the BrM program. Instead, the inspection TL shall notify the BME or LRE within 3 days of the inspection
date.

3.5.6 Load Posting Restrictions

Part of the bridge inspection process includes properly load posting and signing bridges when the load
rating review results warrant restricting the bridge for any of the Delaware Legal, Specialized Hauling, or
emergency vehicles. The load rating analysis may be completed as part of the normal or routine load
rating program or may be initiated as a result of additional deterioration found during any type of
inspection of a bridge. Inspection related activities involving the posting process are discussed below.
Discussion of bridge posting procedures can be found in Section 108 of the BDM.

3.5.6.1 Posting Sign Verification

Section 3.4 provides the expected timeline for bridge posting activities. Essentially, the bridge is required

to be properly posted/signed within 90 days of the inspection date. In order to ensure that the bridge
has been posted, the BME is required to field visit the bridge around the end of that 90 day period to
confirm that signs have been placed in the appropriate locations and with the correct signage. Any issues
with missing signs, incorrect signage or improperly placed signs shall be immediately communicated to
DelDOT’s Traffic Section to have the issue(s) addressed and rectified. The BME will track all new posting
requests through spreadsheets and will set electronic reminders to identify when the 90 day period is
ending.

In addition, the BME will document all posting resolution requests to track the status of the process and
to confirm any new posting sign placement, sign relocation or replacement, or sign removal activities
have been completed

3-55 2020



3.5.6.2 Posting Sign Documentation

As part of the posting sign verification process, posting sign documentation is required to be obtained
upon installation and placement of the proper signage. The documentation will include a map of the
bridge and surrounding area with the specific sign locations identified on the map. In addition, photos of
each posting sign will be taken and assembled with the map into a document which will be stored within
the bridge inspection file. Completion of the posting sign documentation will be noted in the tracking
spreadsheet to close-out the posting process for the bridge.

The posting sign documentation will serve as confirmation that the posting process has successfully been
completed and that the bridge inspection program is meeting the requirements of the NBIS. In addition,
the posting sign documentation may assist the Bridge Management and Traffic Section in the future in
the event that posting signs get mistakenly removed, vandalized or damaged.

3.5.6.3 Posting Sign Placement Verification

If NBI Item 41 is coded as "P", the inspection team is required to check that all posting signs are present,
visible and in good condition. Refer to the posting sign documentation within the bridge inspection file to
confirm posting sign location placement. Verify that the restricted/posted vehicles and weights on the
sign match the most recent posting resolution in the bridge inspection file. The inspection TL is required
to notify the BME if incorrect signage or no sign is present, signage is not visible due to obstructions, or
signage requires repair/replacement within 3 days of the inspection date.

3.5.7 Bridge Maintenance Requests

Inspectors shall prepare a list of recommended maintenance requests that are outside of the work
actions identified in DelDOT’s BMS or BEIM and should be performed to ensure the continued safety of
the public and to extend the life of the structure.

DelDOT utilizes the Maximo program to log and track bridge maintenance requests. Instructions on its
use and appropriate coding of work orders can be found in Appendix F of the BEIM.

3.5.7.1 Required Maximo Maintenance Reqguests

For each bridge inspected, Maximo maintenance items shall be requested by both consultant and DelDOT
bridge inspectors where applicable. Maximo maintenance requests found in the BEIM shall be included in
the Inspection Notes field in BrM. DelDOT staff will then input the appropriate Maximo work order. For
inspections performed by DelDOT inspection teams, work orders shall be input directly into Maximo with
the appropriate priority. For inspections performed by consultant inspection teams, work orders will be
input by the BIE.
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3.5.7.2 Other Maintenance Requests

Other maintenance requests not falling under a Maximo category listed in the BEIM shall also be included
in the inspection report. Inspectors shall list the additional recommended maintenance in the Inspection
Notes field in BrM. DelDOT staff will then input the appropriate work orders where necessary. DelDOT
inspectors shall discuss additional recommended maintenance with the Bridge Maintenance Engineer
and input the appropriate work orders where necessary.

3.5.8 Critical Findings

3.5.8.1 Criteria
Federal regulations (23 CFR 650, Subpart C) define a critical finding as “A structural or safety related

deficiency that requires immediate follow-up inspection or action.” Critical findings are deficiencies that,
if left unattended, will create a hazard to the traveling public or severely limit the use of the bridge
structure. The discovery of a critical finding would warrant a CS4 rating for the associated element and an
NBI Condition Rating of 2 or less. Federal regulations require critical findings to be reported to FHWA for
NBI length bridges. This shall be accomplished through positive contact via phone or email as soon as it is
reasonably possible.

Examples of such critical findings may include, but are not limited to the following:

1. Distress in primary members where the members may not be capable of safely carrying the
imposed loads and partial or total failure of the bridge is a possibility.

2. Scour at or under a substructure unit which is extensive enough that significant movement of the
substructure unit is possible, and partial or total failure of the bridge is a possibility.

3. Substructure movement or distress that is so excessive that the substructure unit may not be
capable of supporting the superstructure, and partial or total failure of the bridge is a possibility.

4. Confirmed cracks in fracture critical members.
Any situation where the structural integrity of the bridge has been compromised.
Any situation that poses an immediate safety hazard to traffic on or under the bridge including
severely deteriorated or damaged bridge railing, falling concrete from the bridge deck, or an
unsafe riding surface due to extensive deck deterioration.

3.5.8.2 Ciritical Bridge Action Form and Documentation

Proper documentation of a critical finding is necessary in order to:

Document the current condition of the finding in the inspection file.
Effectively and thoroughly convey the condition to the FHWA, Chief Engineer, and other
pertinent DelDOT personnel.
3. Provide information to be utilized in decision making and to initiate a plan of action.
Ensure proper repairs.
5. Use as a reference for comparison to future damage and repairs.
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This is documented through the Critical Bridge Action Form (CBAF). The CBAF is to be used when a critical
finding is observed and confirmed during the inspection of a bridge structure. This form provides a plan of

action and ensures:

1. All necessary parties are informed of the bridge condition.

2. Proper measures are put in place to protect the immediate safety of the public.

3. Timely and proper repairs to the damaged or deteriorated areas are performed.

The Bridge Management Engineer is to fill out the CBAF, sign and submit the form to the Assistant

Director-Bridge within 72 hours of confirming the critical finding.

Conditions that require a CBAF shall include, but are not limited to one of the following:

1. A partial or complete bridge collapse.

2. Structural or other defects posing a definite and immediate public safety hazard.

3. A condition rating of a 2 or less for any of the following bridge items:

d.

-0 oo T

ltem 58, Deck,

Iltem 59, Superstructure,

Iltem 60, Substructure,

ltem 61, Channel/Channel Protection,
Iltem 62, Culverts, or

I[tem 113, Scour Critical.

Refer to Appendix A for an example of a CBAF.

The following information regarding the critical finding should be noted in the corresponding incident or

inspection report:

Structure Number

City, Town, or General Location of Bridge
Route Number/Road Name

Features Intersected

Type of Bridge

Type of Defect Encountered

Location of Defect

Span
Girder/Floorbeam/Stringer No.

8. Field Sketches

1.

2.

3.

4.

5.

6.

7.
a.
b.
a.
b.
C.

Deterioration details
Dimensions to fixed points
Details and dimensions of original/undamaged section

DelDOT
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9. Photos (in accordance with Section 3.5.4)
10. Other Pertinent Information.

If applicable, the CBAF shall make reference to the incident report. The incident report shall be included
when distributing the CBAF to the FHWA and DelDOT entities.

3.5.8.3 Notification
When a critical finding affecting the safety of the bridge structure or the safety of the traveling public is

found during an inspection, it is imperative that the BIE and/or BME be informed immediately. Inspectors
shall provide all possible documentation discussed in Section 3.5.7.2 by telephone. Condition
photographs and a brief description should be sent electronically from the field to the BIE and/or BME to
allow them to make informed decisions about a path forward. A written report accompanied by field
sketches and photos shall be submitted to the BIE and/or BME within 24 hours of discovering the critical
finding.

Consultant teams that discover critical findings shall immediately contact the Consultant’s Project
Manager who will have the responsibility of assessing the problem and notifying the BIE and/or BME if
deemed necessary.

Critical findings identified outside of normal working hours shall be reported to the BIE or BME via cell
phone, which will be made available to in-house and consultant Project Managers. When the BIE and
BME are not available, high priority conditions shall be reported to the DelDOT Traffic Management
Center (TMC) in Smyrna at 302-659-4600. TMC will then initiate a High Priority Request which will follow
standard DelDOT protocols.

3.5.8.4 Additional Testing and Analysis

If deemed necessary by the BIE/BME, additional testing and/or analysis of a critical finding shall be
performed in order to determine the extent, existence, or severity of the critical finding. For additional

testing methods and procedures refer to Section 3.2 of this Manual. Consultant teams shall receive
direction from the BIE/BME prior to performing additional testing that requires specialized equipment,
personnel, or analysis as a result of a critical finding.

3.5.8.5 Structural Analysis

If deemed necessary by the BIE/BME, structural analysis of a critical finding shall be performed in order to
determine the load carrying capacity of the member/structure in question. For guidance on load ratings
refer to Section 3.5.5 of this Manual, Section 108 of the BDM and the MBE. Consultant teams shall
receive direction from BIE/BME prior to performing structural analysis as a result of a critical finding.
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3.5.9 Inspection Files

Inspection files include the complete history of a bridge and are maintained by DelDOT’s Bridge
Management Section in accordance with the MBE. The inspection files include electronic and/or hard
copies of the following:

e Inspection Procedures

e |nspection Reports

e Load Ratings

e Posting Resolutions and Sign Location Documentation
e Plans

e Scour/Hydraulic Analyses

e Scour Plans of Actions (POA)

e Maintenance History

e Correspondence

e Other Related Documents

All inspection related documentation in the bridge files are available to inspectors upon request to assist
in the successful completion of bridge inspections. The term “Bridge Files” is a general term used to
describe storage of inspection related documents and includes hard copies kept in filing cabinets,
electronic files stored in DelDOT’s Inspect program and on network/servers, and the database within the
AASHTO BrM software. DelDOT maintains hard copies for some of the more important inspection related
documentation in filing cabinets and are considered to be active folders. A sample active folder is located
within the bridge Inspection filing cabinets and specifies the correct arrangement for the various
inspection related documents. Starting with the 2015 inspection cycle, hard copies of inspection reports,
with the exception of the last three routine inspection reports, will be purged and digitized to reduce the
need for additional file cabinet space.

3.5.9.1 Active Folders

Active files contain the most recent and relevant information to a bridge inspection. The active file may

contain multiple folders for larger bridges. The active files will include the following, if applicable:

e The last three routine inspection reports and any other type of inspection report within the three
routine inspection timeframe

e The most recent underwater inspection report

e The most recent load rating summary

e The most recent load posting resolution and posting sign location documentation

e Complex, Fracture Critical, and Underwater Inspection Procedures

e Fracture Critical Detail Sheets

e Correspondence related to the bridge that occurred within the last three inspection cycles,
including critical bridge findings, and incident response logs and associated reports
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e Agreements
e Bridge design and/or as-built drawings and rehabilitation plans
e Scour Plans of Action (POA)

3.5.9.2 Inactive Folders

As of 2016, all inactive folders are being scanned, saved and stored electronically as part of the bridge

files. During this transition the inspectors shall ask the BIE for older inspection documents if no inactive
folder exists. Once all inactive folders have been scanned, this section will be omitted.

In addition to older inspection reports, the inactive files contain older information not regularly needed
for inspection but kept in order to provide a history of the structure. As inspection reports, ratings,
postings, and correspondence are replaced with more recent versions in the Active Folder, those
documents are transferred to the Inactive Folder. Incident reports, and maintenance summaries, are
typically stored directly in the Inactive Folder. All items shall be arranged with the most recent documents
on top.

3.5.9.3 Additional Folders

Additional folders are maintained for other documentation related to bridges as necessary. This

documentation will include the following, if applicable:

e Electrical and Mechanical Inspection Reports for movable bridges
e Hydraulic and Hydrologic Analyses

e More complex load rating analyses or design/hydraulic calculations
e Other Pertinent Documentation
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3.6 Inspection Equipment

Proper field inspection requires the appropriate tools and equipment. These decisions should be made
during the planning and preparation stages of the inspection process. Most often, the time spent
reviewing the bridge file can save lost or wasted inspection time in the field. Numerous factors play a role
in determining the equipment needed for an inspection.

The safety of the bridge inspector and the traveling public should be the first consideration in selecting
bridge inspection equipment. When working near active roadways, precautions should be taken to avoid
fouling any active travel lane with dropped tools or access equipment. Specific considerations for
different access equipment can be found below.

Bridge type and location are significant factors in selecting appropriate inspection equipment. For
instance, a steel bridge is likely to require different tools for cleaning and inspection than those required
for a concrete bridge. Similarly, a bridge over water or a railroad may require different access equipment
than a bridge over a roadway.

The type of inspection or level of inspection detail is another factor that can influence equipment
decisions. Fracture critical members and fatigue prone details will require hands-on access and additional
scrutiny that may require cleaning or use of different access equipment than what is required for
inspection of the non-fracture critical portion of the bridge structure.

3.6.1 Inspection Tools

It is the responsibility of the TL to select and arrange for the appropriate tools based on the specific
bridge that is to be inspected.

Each inspector should have, or have access to, the equipment required to perform his or her job. A bridge
inspection team’s equipment inventory can be varied and based on personal preference but generally
includes tools for cleaning, inspection, visual aid, measuring, and documentation. In addition, all
inspectors should have proper safety equipment, or personal protective equipment (PPE), such as a
hardhat, safety vest, boots, gloves, harness and lanyard, life jacket, and safety glasses. For more
information on safety, see Section 5.

The following list includes some of the more common tools that should be readily available to the
inspection team:

e Paint Scraper e 6’ Folding Rule

e Wire Brush e Measuring Tape

e Hammer e (Calipers

e  Pick/Awl e Crack Thickness Gauge
e Flashlight e Plumb Bob

e [nspection Mirror o |Level

e Binoculars e Vertical Clearance Rod
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e Scour Probing Rod o Cell Phone

e Laser Distance Measuring Tool e C(lipboard

o Tilt Meter e liquid-Penetrant Kit

e Thermometer (ambient and surface) e  First Aid Kit

e Digital Camera e Broom/Shovel

e Keel/Lumber Crayon e Ladder

e Pencil/Pen e \Waders

e Permanent Marker e Inspection References/Manuals

e Spray Paint

3.6.2 Specidalty Inspection Tools

It is impractical for every bridge inspector to have every piece of equipment. Whether for financial
reasons or because of the frequency of need, inspection teams often share bridge inspection equipment
or rent supplies when necessary. These items can vary greatly but generally include specialized/expensive
inspection tools, safety supplies, and basic tools for access.

The following list includes some of the specialty tools or equipment that may be needed and shared
amongst multiple inspection teams:

e Borescope e Pachometer

e NDE Testing (various types) e |R Camera

e Survey Level e Moisture Meter
e Ultrasonic Thickness Gauge (D-Meter) e Fathometer

3.6.3 Bridge Inspection Access Methods

Bridge inspection access can be as varied as bridges themselves. Numerous considerations for choosing a
particular access method are touched upon here, along with several of the most prominent methods of
access.

Safety of the bridge inspector and the travelling public is always a primary concern at every inspection.
The current industry standard is that bridge inspection falls under the General Industry OSHA regulation
category for fall protection. Since bridge inspection work is seldom static, personal fall arrest systems
(harness and lanyard) are most often used for the duration of the inspection when appropriate. See
Section 5 for safety considerations and standards related to various access methods.

In addition to safety, TLs must also weigh other considerations when selecting the appropriate access
equipment. Questions the TL needs to consider in the planning process include but are not limited to:

e What is the anticipated level of inspection detail? Are there fracture critical members, fatigue
prone details, or problematic details that require hands-on access? Is there a pre-existing
condition where the inspector anticipates needing additional access in order to make a proper
evaluation?
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e How much inspection time can be saved by using a particular method of access?

e What types of access method are available at a given location or at a particular time of year?

e Are specially trained personnel required to use a particular method of access?

e Are all portions of the bridge accessible by utilizing a single access method? Is a combination of
methods more appropriate?

e Are multiple traffic control setups or equipment deployments required? What are the time
considerations associated with changing set-ups?

e Does the access equipment require special training or a specialized operator?

e s traffic control required for a particular method of access?

e Do traffic conditions either restrict or prohibit any access methods (rush hour, night work,
seasonal traffic)?

e |stheinspection team comfortable or familiar with the access equipment?

e Are physical restrictions like electrical lines or railroad tracks a concern?

e Do Confined Space considerations affect the evaluation?

3.6.3.1 Under Bridge Inspection Vehicle

An under bridge inspection vehicle (UBIV) may be considered for inspections when access from below is
difficult or prohibitive. UBIVs are highly maneuverable and typically hold two to three people. Most units
are able to move vertically, rotate, and telescope, making them highly maneuverable but complex to
operate, requiring additional training or a skilled operator. UBIVs typically require traffic control both on
and below the structure. Inspectors may operate over unprotected, low-ADT, local roads when sufficient
vertical clearance is available and extra precautions are taken such as care to tie-off all equipment. UBIVs
are generally heavy and may not be a viable option for load-restricted bridges. A structural analysis may
be completed to confirm whether or not the bridge is safe for using a UBIV if deemed necessary per BIE
or BME direction. On structures subject to high velocity sustained winds, use of UBIVs is generally limited
to wind speeds less than 35 mph. Consideration and proper safety protocol shall be taken when utilizing a
UBIV adjacent to power lines. A pre-inspection field visit shall be made during the planning process to
access the bridge site for tree and vegetation restrictions. If vegetation removal or tree trimming is
deemed necessary, the BIE shall be notified and will coordinate requests with the corresponding
Maintenance District.

3.6.3.2 Bucket Truck

Bucket trucks are one of the most common access vehicles used for bridge inspection today. Bucket

trucks are typically driven by the inspection team and do not require a commercial driver’s license. Bucket
trucks can be used to reach heights up to 50-feet, depending on the model. They require a relatively level
area to deploy from and require a skilled operator. Some units may be equipped with outriggers, for
additional stability. Most units are able to lift, rotate, and telescope but are generally only capable of
accommodating a single inspector. Consideration and proper safety protocol shall be taken when utilizing
a bucket truck adjacent to power lines.
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3.6.3.3 Non-Motorized Boats

Smaller, non-motorized boats may be considered for inspections in water that is too deep for chest

waders and has limited underclearance for the use of larger motorized boats or other types of access
equipment. Use of boats for inspection may require additional inspection team members dedicated to
safely maneuvering the boat for bridges with stronger flows/currents or in and around areas of debris
accumulation. Tying the boat to a fixed bridge component or structure on land should be considered for
stronger flows/currents. Proper boater safety protocol shall be followed when using boats to assist with
bridge inspection operations.

3.6.3.4 Motorized Boats and Barges

Larger, motorized boats or barges may be considered for inspections over water and are often used for
conducting underwater inspections or when restricting traffic is undesirable. These options typically
require additional inspection team members or operators dedicated to safely maneuvering the vessel.
Barges and larger boats can be used in combination with other access equipment like ladders, manlifts, or
scaffolding. Proper boater safety protocol shall be followed when using boats to assist with bridge
inspection operations.

3.6.3.5 Ladders

Ladders are commonly used during bridge inspection activities to access areas up to 30-feet above the

ground. They are dependent upon the comfort of the inspector and can prohibit the use of both hands at
the same time. Ladders must be transported to the bridge with an adequately equipped vehicle and an
inspection team that is capable of safely loading the ladder on and off the vehicle and carrying it to the
appropriate inspection location.

Ladders must be set on firm, level, non-slippery surfaces and should not be set in deep or flowing water
that presents a safety concern for inspection personnel. Proper use requires enough horizontal space at
the base of the ladder, which is generally accepted as one-quarter the working length of the ladder. An
assistant is generally required to steady or hold the bottom of the ladder while inspectors climb or inspect
from the ladder. In some situations such as when working near electrified rail, fiberglass ladders are
required to minimize conduction of electricity.

3.6.3.6 Manlifts

A manlift is a vehicle that has a platform or bucket attached to a hydraulic boom that can reach up to

200-feet and accommodate two to three inspectors. Use is limited to fairly level terrain and requires a
skilled operator. Manlifts can often be maneuvered on-site but in most cases must be delivered to and
from the bridge location with a flatbed truck or trailer. When site conditions allow, manlifts are often a
more cost effective alternative to UBIVs when considering a lower traffic control cost.
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3.6.3.7 Rigging

Rigging on a structure typically consists of parallel cables and a transverse platform or safety cables

allowing access to members via walking or climbing. Rigging is most commonly used to obtain access to
floor systems and/or the bottom of main load carrying members. Rigging systems can be complicated and
should only be installed and maintained by those properly qualified and experienced to do so. When
using a rigging system, an independent safety line should always be supplied. Rigging requires additional
lead time for set up and tear down. Rigging using platforms can be considered when inspectors must
remain in one location for an extended period of time. Rigging is also light-weight and can be ideal for
load posted bridges that may not be able to safely carry the weight of other inspection vehicles.

3.6.3.8 Climbers

Climbers are mobile inspection platforms or cages that “climb” steel cables. Climbers are most often used

to inspect long vertical faces of bridge members, like piers or cables and is typically required for use
during the inspection of IRIB cable stays. Similar to rigging, these systems can be complicated and should
only be installed and maintained by those properly qualified and experienced to do so, and an
independent safety line should always be supplied.

3.6.4 DelDOT In-House Inspector Policies

Inspectors are encouraged to take care of all inspection equipment, especially electronic devices. If a TL
has missing, lost, or damaged inspection tools or equipment, notify the BIE for replacement approval.

TLs shall report any concerns with their assigned work truck to the vehicle maintenance shop. Any
concerns with the UBIV, bucket truck, and/or boats shall be brought to the attention of the BIE
immediately so that the problem can be rectified and the safety of future inspection personnel using the
equipment is not jeopardized.
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3.7 Traffic Control

Temporary Traffic Control (TTC) is often necessary when inspecting above-deck and superstructure

portions of the bridge with access equipment from the roadway.
TTC setups for bridge inspection should follow the following principles:

e Accommodate all road users and inspection activities

e Minimize impact on traffic and pedestrians

e Provide clear guidance to traffic and pedestrians

e Use TTC devices in good working order that are routinely inspected
e Maintain roadside safety

e Train individuals involved in TTC operations

e Disseminate information to the public

Traffic control teams shall meet the qualifications and follow proper traffic control standards and
procedures as defined in the most current version of the Delaware MUTCD.

3.7.1 Notification Protocol

Inspectors should coordinate TTC with the BIE, District Safety Officer, DelIDOT TMC, and DelDOT Public
Relations, providing a minimum of two weeks notice for approval of the traffic control concept and plan.
Public Relations will generate press releases to be distributed to the public and posted on DelDOT’s
website. The TL should communicate with the District Safety Officer to determine road closure
restrictions such as rush hour, nighttime, holiday, and seasonal considerations.

3.7.1.1 Consultant Inspections

Consultant inspection teams shall obtain the final approval of the appropriate District Safety Officer at
least one week prior to the desired lane closure start date. This ensures that there are no conflicting
closures planned for the area and allows the District Safety Officer to evaluate if additional measures
(beyond the signage and requirements of the Delaware MUTCD) need to be taken to ensure the safety of
the traveling public.

On the day of the inspection, TMC shall be notified prior to TTC setup and again after the TTC setup has
been removed and traffic restored to normal conditions. Inspection teams will be expected to provide an
on-site point of contact, roadway name, nearest intersections, type of closure, and estimated length of
closure. TMC shall be notified again after TTC is cleared and traffic is no longer restricted.

It is vital that the on-site point of contact be accessible to TMC throughout the closure time period.
Changing traffic and weather conditions may necessitate a shortened period for road closure or an
immediate end to TTC operations. TMC will communicate these changes as needed. Consider the
individual activities of the inspection team members in order to select a point of contact that can respond
to TMC in a timely manner.
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If consultant inspectors and the BIE determine that use of a DelDOT traffic control team is the best means
of providing TTC, inspectors shall submit a Maintenance of Traffic Request and Notification Form (See
Appendix A). Coordinate with the BIE for appropriate contact information to be entered on the form.
When the form has been submitted for closure, TMC shall be notified of TTC cancelations as they are
determined.

3.7.1.2 DelDOT In-House Inspections

In-house inspection teams must submit a Maintenance of Traffic Request and Notification Form (See

Appendix A) to the District and all individuals currently on the respective contact list at least two weeks
prior to the scheduled inspection date. Approval from the appropriate District Safety Officer should be
received at least one week prior to the desired lane closure start date. This ensures that there are no
conflicting closures planned for the area and allows the District Safety Officer to evaluate if additional
measures (beyond the signage and requirements of Delaware MUTCD) need to be taken to ensure the
safety of the traveling public.

The Team Leader must coordinate with the BIE for any additional inspection personnel needed to operate
equipment.

On the day of the inspection, District personnel providing the TTC will conduct all communication with
TMC prior, during, and after TTC setup. District personnel shall also notify TMC of TTC cancelations as
they are determined.

Public Relations and TMC must also be notified of bucket truck inspections not requiring maintenance of
traffic. The in-house bucket truck has traffic warning signs for the inspection team’s use if inspectors
deem them necessary based on site conditions.
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4. Quality Control & Quality Assurance Bridge Inspection Procedures
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4.1 Infroduction

To maintain an accurate and thorough condition assessment of each bridge structure, the NBIS require
bridge owners to establish a Quality Control and Assurance Program as part of their Bridge Inspection
Program to assist in carrying out the following responsibilities:

Maintain public safety and confidence
Protect public investment

Maintain a desired level of service

Provide Bridge Inspection Program support
Provide accurate bridge records

O U A W e

Fulfill legal responsibilities as defined in the Code of Federal Regulations

This section presents the Quality Control and Quality Assurance (QC/QA) procedures and policies related
to the Bridge Inspection Program and is a subsection to the Department’s Bridge Inspection Manual. It is
applicable to DelDOT and DelDOT consultant bridge inspection staff. DRBA’s inspection program is not
required to comply with DelDOT’s QC/QA procedures. However, they are required to have a QC/QA
program as required by the NBIS, and their bridges are evaluated as part of the State’s inspection
program. DelDOT has oversight responsibility for the DRBA Bridge Inspection Program and are subject to
periodic inspection program compliance reviews as discussed in Section 4.3.2. Discussion of QC/QA
procedures related to the load rating program is not covered in this section. Instead, refer to the Bridge
Design Manual, Section 108 Bridge Load Rating.

4.1.1 Purpose and Benefits of the QC/QA Program

DelDOT has established a Bridge Inspection Program to meet the NBIS requirements. Bridge inspectors
collect inventory and condition data for each bridge, and the information is updated in the Department’s
database. The accuracy and consistency of the inspection and associated documentation are vital to
public safety and also impact prioritization, work recommendations, programming, and funding
appropriations. In recognition of the importance of this information, DelDOT has established QC and QA
procedures to ensure a high quality and consistent inspection program.

The QC/QA procedures are integrated into all aspects of the bridge inspection. The procedures include
the essential requirements which demonstrate and emphasize that adequate care, skill and diligence be
utilized during the inspection and in the preparation of bridge inspection reports. The Bridge
Management Section will put in place those management tools needed to define, implement and
evaluate the effectiveness of the Bridge Inspection Program. The Bridge Inspection Program needs to
allow feedback to occur for enhancing performance and institute actions to address areas where
inspectors or the inspection program are deficient and to prevent errors from reoccurring in the future.
One tool for accomplishing this is through the use of a successful QC/QA program. The QC/QA program,
along with other initiatives presented throughout this Manual, ensures the following:
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1. Inspection personnel have the appropriate tools, information, and resources available to
adequately perform bridge inspections.

2. Inspection personnel have clearly defined programs, processes, and procedures as a basis for
performing bridge inspections.

3. Inspection personnel are sufficiently trained to ensure acceptable work performance.
Appropriate management oversight is allocated for work performance and to identify, and
correct problems as they are encountered.

In order to be effective, the QC/QA procedures must be followed by all personnel, and the procedures
must be evaluated and updated on a regular basis or as needed. The program shall be flexible and
updated routinely by memos and directives from the BIE or the BME.

4.1.2 Definitions

The terms Quality Control and Quality Assurance are not interchangeable. The following definitions
describe the distinction between the two terms as they are used in this manual. Also provided are
nomenclature and descriptions of the various personnel associated with the Bridge Inspection Program.

Quality Control (QC) — QC is defined as the enforcement of procedures that are intended to maintain the
guality and consistency of bridge inspection procedures and documentation in accordance with the
NBIS. The responsibility of QC is shared among different personnel within DelDOT’s Bridge
Management and Inspection programs. The duties and responsibilities for each member of these
programs will be presented within this document.

Quality Assurance (QA) — QA is defined as a measurement of the level of consistency of the overall
program in achieving and ensuring that a certain level of quality has been met. QA involves the use
of random sampling and other measures to assure the adequacy of QC procedures in order to verify
or measure the level of quality for the entire Bridge Inspection Program.

Inspection Team Member (TM) — The TM is an inspector assisting the TL with the inspection. It is possible
for an individual to serve as a TM and be a qualified TL as per the NBIS. However, they would not be
designated as the TL for that inspection. Refer to Section 4.2.2.1 for qualification requirements.

Inspection Team Leader (TL) — The TL is the individual in charge of the actual inspection, assigning
inspection tasks to other members of the inspection team, must be on-site at all times during the
inspection, and is responsible for signing off on the finalized inspection report. Refer to Section
4.2.2.2 for qualification requirements.

Bridge Inspection Engineer (BIE) — The BIE is the individual in charge of overseeing DelDOT's bridge
Inspection program and serves as the Bridge Inspection Program Manager as defined in the NBIS.
Refer to Section 4.2. 3 for qualification requirements.

Bridge Management Engineer (BME) — The BME is the individual responsible for overseeing and managing
DelDOT’s Bridge Management Section. This includes the Department’s Bridge Inspection,
Maintenance, Load Rating, and Overweight Permitting Programs.
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Bridge Maintenance Engineer — The Bridge Maintenance Engineer is the individual in charge of assisting
with QA field inspections with a focus on maintenance aspects of the reports.
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4.2 Quality Control Plan

DelDOT’s QC Plan consists of four key components that are necessary for successful implementation and

compliance with the NBIS. The four components are as follows:

QC Inspection Review Procedures
QC Roles and Responsibilities
Quialification of Inspection Personnel

e e

Resolution of Data Errors

4.2.1 QC Inspection Review Procedures

The first component of the QC Plan pertains to Quality Control Inspection Review Procedures. This has
been separated into four areas where proper review procedures are necessary to implement an effective
QC Plan. The QC review procedures are as follows:

QC of Inspection Operations
QC of Documentation
QC of the Inspection Report

e e

Quarterly Inspection Staff Meetings

These procedures ensure that bridge inspectors are submitting and reporting inspection data correctly
and to a consistent standard. All four QC review procedures are performed throughout different phases
of the inspection and reporting process.

4.2.1.1 QC of Inspection Operations

QC of inspection operations includes tasks during the inspection and pre-inspection stages.

The pre-inspection activities primarily involve the inspection planning and reconnaissance aspects and
may involve both office and field work to properly prepare for the inspection. The pre-inspection
activities include the following:

1. Perform general reconnaissance prior to the date of inspection to properly prepare for the
upcoming inspection including the following:
e Assess access requirements and equipment needs
e Assess traffic control needs
e Assess any special inspection equipment or evaluation needs
e Check tide charts (if bridge is over tidal waterway)
e Verify the status of any on-going construction or repair work
e Perform brief site visit if deemed necessary
2. Assure that the inspection vehicle includes all required inspection tools and equipment, and all
applicable inspection coding/reference manuals.
3. Coordinate necessary traffic control in accordance with this Manual.
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4. Assign various inspection duties amongst the inspection team.
5. Review prior inspection report(s), available plans, and maintenance history.

During the inspection, the inspection team shall comply with the established protocol, as outlined in this
Manual, including the following items:

Proper safety apparel is worn by all inspection personnel.
Proper selection and use of access equipment (UBIV, Bucket Truck, ladders, boats, and hip/chest
waders) are being utilized.

3. Confirm appropriate measuring devices and inspection tools are being utilized.
Ensure that any identified defect or deterioration locations are given adequate attention and that
sufficient measurements are obtained.

5. |If applicable, assure that proper fracture critical bridge inspection procedures are followed as per
the bridge inspection file and in accordance with this Manual.

6. |If applicable, assure that proper complex bridge inspection procedures are followed as per the
bridge inspection file and in accordance with this Manual.

Further discussion regarding each of the items listed, has been provided throughout this Manual. All the
items listed should be addressed by the inspection team during the inspection.

Field reviews during an actual inspection will only occur if the BIE determines this is warranted based on
report quality or other special concerns. The field review shall be conducted in enough detail and
duration to enable the reviewer to determine whether the field inspections are being conducted and
documented in full accordance with applicable DelDOT policies/procedures and this Manual. See
Appendix A of this Manual for a sample form of the Inspection Field Review Checklist (IFRC). It shall be
completed during the field review effort. The checklist is meant to assist the reviewer with the field
review.

A Quality Control Inspection Field Review (QCFR) report will be prepared for each review summarizing the
field reviews for that year. The report shall specify the time, date, bridge number, and location of each
field review visit. The report shall state the TL's name, title, and duties assigned of all inspection team
members at the inspection site. The QCFR report will include the IFRCs and a brief summary of the
findings. Positive attributes of the reviewed inspections will also be documented. See Appendix A of this
manual for a sample form of the QCFR.

Any major finding during the field review shall be discussed immediately with the TL and corrected in the
inspection report. The IFRC for each field visit will be sent to the TL within one week of the actual field
visit. All findings will be presented and discussed during the next Quarterly Bridge Inspection Staff
Meeting. Refer to Section 4.2.1.4 for more details pertaining to the Quarterly Bridge Inspection Staff
Meetings. The QCFR reports will be submitted to each TL and each consultant towards the end of the
inspection season along with the Quality Assurance Inspection Review Reports (QARR).
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4.2.1.2 QC of Documentation

The QC of Documentation includes the review of each individual component of the inspection report in

accordance with this Manual. The quality of the documentation review is accomplished with efforts from
members of the inspection team and the BIE and is performed in two phases. The first phase pertains to
review procedures carried out by the inspection team, while the second phase occurs once the inspection
team submits the inspection report to be downloaded into the database.

In regards to the first phase, the QC review process includes the review of all inspection documentation
by other inspection member(s) participating on a particular inspection. If the individual performing the
review is not the TL, then the TL should review all documentation as well. The second phase of the review
is performed by the BIE once the TL submits the report and all documentation to be downloaded into the
database. The QC review of the inspection documentation is the same for both phases and the items that
are to be reviewed include the following:

Proper recording of field conditions with clear, clean, and complete field notes.
Ensure that standard photographs along with photos of deficient areas have been obtained in
accordance with this Manual.

3. Review applicable inspection forms such as Waterway Sketch Sheet, Under Record Sketch Sheet,
Scour Sounding Sheet, and Beam Sketch Sheet for compliance with this Manual. Complex bridges
may have some additional forms or documentation that are required and identified in the
Complex Bridge Inspection Procedures for that particular bridge.

4. Review sketches or marked-up drawings to confirm that sufficient detail has been provided to
properly illustrate defects or deterioration observed during the inspection. If applicable, confirm
that adequate documentation for inspection findings warranting analysis has been obtained in
accordance with this Manual.

Ensure that documentation of access required for inspection has been provided, if applicable.
Review and confirm NBI data updates based upon observed inspection findings, recent
rehabilitation, or modifications to the bridge (ex. bridge widening).

7. Review and confirm that appropriate Maximo maintenance needs have been identified and called
out within the inspection notes as per Appendix F of the BEIM.

8. Review and confirm that assigned element and NBI condition ratings match conditions observed
during the inspection.

9. Confirm that appropriate NBI inventory data have been successfully updated such as year of ADT,
ADT and the truck percentage. Verify that all NBI data is collected during an inventory or initial
inspection of a bridge.

10. If applicable, confirm that documentation for further investigation/evaluation needs, such as
NDE, in order to identify, clarify and/or resolve observed deficiencies found during the inspection
has been identified.

11. Identify critical findings.
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4.2.1.3 QC of Reports

QC of reports involves reviewing the inspection report to ensure that all documentation has been cross-

referenced successfully and that the report is checked for overall completeness. This is accomplished in
two phases. The first phase pertains to review procedures carried out by the inspection team, while the
second phase occurs once the inspection team submits the inspection report to be downloaded into the
database.

In the first phase, the process includes QC review of the inspection report by other inspection member(s)
serving on a particular inspection. In addition, the TL shall review the final inspection report. The second
phase of the QC review is performed by the BIE once the TL submits the final report and all
documentation to be downloaded into the database. The QC review of the inspection report includes the

following:
1. Check for overall completeness of the report.
2. Compliance of inspection reporting procedures in accordance with this Manual.
3. Cross-reference of element quantities to that of the inspection comments.
4. Cross-reference inspection documentation in order to confirm assigned element condition-state

ratings and comments. This includes the photo report, Waterway Sketch & Scour Sounding
Forms, Beam Sketch Sheet, and any other pertinent sketches.

5. Confirm that the inspection team members and the designated TL have been identified within the
report.

6. Cross-reference and confirm that the current load rating in the bridge inspection file matches the
load rating data within the BrM and that of any posting signs at bridge. If posting signs exist,
confirm that all posting signs are in place as per DelDOT policy.

7. Confirm that the report has been signed and dated by the TL.

8. Confirm that Critical Findings have been documented and communicated properly.

4.2.1.4 Quarterly Bridge Inspection Staff Meetings

In an effort to communicate with inspection staff, Quarterly Bridge Inspection Staff Meetings will be held
throughout the year. The meetings will be held, at a minimum, once every three (3) months and will
include the BIE, BME, and all in-house inspection staff. The Bridge Maintenance Engineer may be included
if needed. Communication with consultant inspection staff for matters directly related to bridge
inspection is typically accomplished through emails, periodic consultant status meetings, or
memorandums, but they may be included in with the quarterly meetings if deemed necessary. The
meetings cover topics including re-occurring errors found during the QC process, clarifications to element
or NBI condition ratings, Maximo Work Order changes, and modifications to existing procedures or new
procedures. A memorandum summarizing items that were discussed during the meeting will be
distributed to inspection personnel within two days of the meeting.
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4.2.1.5 QC of Inspection Frequencies and Schedules

The BIE will run queries in January, July, and October every year to confirm condition ratings coordinate
with the proper inspection frequency. These queries will also be used to verify that bridges inspected in
the first half of the year with inspection frequencies reduced to 6 months are scheduled for inspections
later in the year.

The BIE will obtain inspection schedules from the inspection consultants on a monthly basis. This includes
NBI, Fracture Critical, Special and underwater inspections. All schedules should be submitted to the BIE by
the first day of each month. These schedules will document the inspections scheduled for the upcoming
month with expected start dates. The schedule will also document the start dates for the previous
month’s inspections and show reason for any delay of inspections. The BIE will compare DelDOT’s
inspection list to the submitted schedules to assure there are no missed inspections or
miscommunication between the BIE and consultants.

The BIE will run the Inspection Priority spreadsheet on a monthly basis to check for delinquent or soon to
be delinquent routine, fracture critical, underwater, and special bridge inspections.

The BIE is responsible for populating the inspection schedule spreadsheets with the inspection finalized
date. This date is uploaded to BrM by selecting the “Update Upload Date” toggle in the upper right hand
corner of the respective inspection schedule. Once this is complete, the SDR report can be run and
returned to the TL to sign off on the inspection. The inspection finalized date is shown in the upper right
hand corner of the SDR sheet.

4.2.2 QC Roles and Responsibilities

The primary responsibility of enforcing the QC Plan for in-house and consultant bridge inspections is the
responsibility of the BIE; however, all inspection personnel share some part of implementing, enforcing,
and/or performing the duties of the QC Plan. Consultants performing inspections shall designate a Project
Engineer that meets the requirements in the NBIS for that of a Bridge Inspection Program Manager and
has primary responsibility for overseeing the QC/QA program for assigned inspection tasks. The roles and
responsibilities for all inspection personnel have been broken out for each QC Inspection Review
Procedure.

4.2.2.1 Bridge Inspection Team Member

TM Duties for the QC of Inspection Operations

The main responsibility of the TM, in regards to the pre-inspection activities, is to assist the TL with
evaluating access issues and equipment and safety needs for the upcoming inspection. The TM shall
review the portions of the inspection report related to assigned activities prior to performing those tasks.

The role of the TM in regards to the actual inspection operation is determined by which responsibilities
are assigned by the TL. The roles and duties assigned to the TM could include any of the following and
should be performed in accordance to the policies and procedures established in this Manual:
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e Performing the actual inspection

e Taking photograph documentation during the inspection

e Taking under clearance and/or scour measurements

e Completing various inspection forms including the Under Record Sketch Sheet, Waterway Sketch
Sheet, Scour Sounding Sheet, Beam Sheet and any other sketch deemed necessary during the
inspection to adequately document deterioration and inspection findings

In regards to safety, it is the TM’s responsibility to make sure they are wearing the appropriate safety
gear and follow proper safety procedures in accordance to this Manual and/or Department protocol. The
TM should be familiar with their surroundings during the inspection and constantly evaluate and update
their approach to the inspection as needed in order to accommodate changes in traffic, weather and
other factors.

TM Duties for the QC of Documentation
In regards to tasks assigned to the TM during the inspection, the main responsibility will consist of

performing those tasks in accordance with this Manual.

The TM may be assigned the task of reviewing various inspection documentation generated by the TL or
another inspection member. Activities associated with this are presented in Section 4.2.1.2. This review is
performed prior to the TL reviewing the report and finalizing everything prior to submitting the report to
the BIE.

TM Duties for the QC of Reports
If the TM is assigned the task of creating the inspection report, then their main responsibility will consist

of writing the inspection report and verifying that the photos and associated forms and sketches are
properly cross-referenced within the report in accordance with this Manual.

The TM may be assigned the task of reviewing reports for inspections that were performed by the TL or
another inspection member. Activities associated with this are presented in Section 4.2.1.3. This review is
performed prior to the TL reviewing the report and finalizing everything prior to submitting the report to
the BIE.

Quarterly Bridge Inspection Staff Meetings
The TM will attend and participate in all Quarterly Staff Meetings.

4.2.2.2 Bridge Inspection Team Leader

TL Duties for the QC of Inspection Operations
The TL holds the majority of the responsibility when it comes to performing and assuring that activities

during the pre-inspection stage and the actual inspection stage are completed in accordance with this
Manual. It is the TL's responsibility to verify assigned tasks, as identified in Section 4.2.1.1, have been
completed successfully.

TL Duties for the QC of Documentation
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The TL is ultimately responsible for all the inspection documentation regardless of which team member
performs the inspection. As a result, the TL is required to review all inspection documentation for
completeness, clarity, accuracy, and compliance with established protocol presented throughout this
Manual. Specific items to be reviewed during the QC of documentation are presented in Section 4.2.1.2.
Regarding fracture critical and/or complex bridge inspections, emphasis shall be placed on following the
procedures identified within the bridge inspection file for those bridges and throughout this Manual.

TL Duties for the QC of Reports
The TL is ultimately responsible for the inspection report regardless of which TM actually performed the

inspection. As a result, the TL is required to review the report in its entirety for completeness, clarity,
accuracy, and compliance with established protocol presented throughout this Manual. In addition to the
tasks presented in Section 4.2.1.3, additional tasks for the TL include the following:

1. Ensure that any Work Orders for identified Maximo maintenance needs have been submitted and
that the Work Order number has been identified in the inspection report.

2. Coordinate and schedule any additional inspection or evaluation needs as identified during the
inspection.

3. |If posting signs were found to have been missing or are incorrect, bring to the BIE’s attention.

The final duty of the TL during the QC report process is to sign and date the inspection report once
everything has been reviewed, all issues have been resolved, and the report has been printed out by the
BIE. In addition, the TL is to assemble the finalized report and place into the bridge inspection file in
accordance with the protocols established in this Manual.

Quarterly Bridge Inspection Staff Meetings

The TL will attend and participate in all Quarterly Bridge Inspection Staff Meetings. Any questions,
clarifications, or suggestions for improvements to the inspection program shall be brought to the
attention of the BIE during the meetings.

4.2.2.3 Bridge Inspection Engineer (BIE)

The BIE serves an important role in the QC Plan. Responsibilities extend into all four QC review
procedures. The BIE is the individual in charge of updating and enforcing the QC Plan. Tasks associated
with this include the following:

1. Coordinate and implement basic training programs for bridge inspectors and specialized
instruction on aspects of the work requiring special attention, e.g. fatigue and/or fracture critical
details, complex bridges, scour evaluation, etc.

2. Provide bridge inspectors with access to the latest applicable standards and training of proper
use of inspection tools and equipment.

3. Coordinate and communicate the Department’s QC Plan with in-house and consultant bridge
inspection personnel.
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4. Periodically review inspection team schedules and resource assignments to aid inspection teams
in meeting inspection deadlines.

BIE Duties for the QC of Inspection Operations

The BIE is responsible for performing periodic field review of the inspection TLs including the tasks
described in Section 4.2.1.1.

BIE Duties for the QC of Documentation
The BIE is responsible for performing a secondary review of all inspection documentation. This involves a

cursory review of all inspection documentation for completeness, clarity, accuracy, and compliance with
established protocol presented throughout this Manual and listed in Section 4.2.1.2. Regarding fracture
critical and complex bridge inspections, the BIE shall verify that procedures identified within the bridge
inspection file for those bridges and throughout this Manual were followed.

BIE Duties for the QC of Reports
The duties of the BIE, in regards to QC of reports for both in-house and consultant bridge inspections,

have been broken down into three general areas: report review, resolution of data errors and verification
of follow-up actions.

1. Report review
e The BIE is to review each inspection report for the items discussed in Section 4.2.1.3. In
performing QC report reviews, the BIE is required to fill out the Quality Control Inspection
Report Review Form (QCRR) for each bridge upon completion of the review. More discussion
about the form can be found in Section 4.2.4 and a copy of the template can be found in
Appendix A.
2. Resolution of data errors
e Upon the review of the inspection report, the BIE is responsible for correcting or working
with the TL to clarify any data or condition rating errors or discrepancies. This includes errors
or clarifications that need to be addressed for the various inspection forms, photo report,
and sketches. A more comprehensive discussion of the types of data and errors and
procedures for addressing them are presented in Section 4.2.4.
3. Verification of any follow-up inspection related action
e Any additional inspection, evaluation or testing that was recommended by the inspection
team shall be verified and approved by the BIE. Once approved, the BIE shall take the
necessary steps in coordinating the work. This could include working with DelDOT’s M&R
section for performing a deck survey or taking concrete core samples, utilizing Bridge
Management Section’s inspection consultant(s) to provide NDE services or underwater
inspection services, and reaching out to the FHWA, University of Delaware, or specialty
contractors/vendors on an as needed basis. Also, if any posting signs were found to be
missing or incorrect, then necessary measures are to be taken to have the situation
corrected.
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e During the download process and once all documentation has been reviewed, the BIE will
scan, save, and attach all documentation electronically to the inspection report. Finally, the
inspection report and all associated documentation will be printed, assembled, and
distributed to the TL along with the Quality Control Inspection Report Review summary.

Quarterly Bridge Inspection Meetings

The BIE has primary role for scheduling, determining the agenda, and soliciting participation from the
inspection staff. The BIE is also responsible for sending out the follow-up memorandum summarizing the
items discussed during the meeting.

4.2.3 Qualifications of Inspection Personnel

This section provides the qualifications of all inspection personnel including the BIE, TL, and TM. These
gualifications apply to in-house and consultant inspection personnel. The qualifications follow the
guidelines from the NBIS; however, DelDOT has additional requirements for underwater, fracture critical,
complex bridge, and NDE inspection personnel. These are addressed in Sections 4.2.3.1-4.

Bridge Inspection Program Manager (Bridge Inspection Engineer - BIE)

A program manager must, at a minimum:

1. Be aregistered professional engineer (PE) in the State of Delaware, and;
2. Successfully complete the two-week NHI Comprehensive Bridge Safety Inspection Course.

Bridge Inspection Team Leader (TL)

There are five (5) ways to qualify as a TL. A TL must, at a minimum:

Have the qualifications that of a Bridge Inspection Program Manager; or
Have five (5) years of bridge inspection experience and have successfully completed the two-
week NHI Comprehensive Bridge Safety Inspection Course; or
3. Be certified as Level Il or IV Bridge Safety Inspector under the National Society of Professional
Engineers Program for National Certification in Engineering Technologies (NICET) and have
successfully completed the two-week NHI Comprehensive Bridge Safety Inspection Course; or
4. Have all of the following:
e A bachelor’s degree in engineering from a college or university accredited by or determined
as substantially equivalent by the Accreditation Board for Engineering and Technology;
e Successfully pass the National Council of Examiners for Engineering and Surveying
Fundamentals of Engineering Examination;
e Two (2) years of bridge inspection experience; and
e Successfully completed the two-week NHI Comprehensive Bridge Safety Inspection Course, or
5. Have all of the following:
e An associate’s degree in engineering or engineering technology from a college or university
accredited by the Accreditation Board for Engineering and Technology;
e Four (4) years of bridge inspection experience; and
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e Successfully complete the two-week NHI Comprehensive Bridge Safety Inspection Course.

For in-house inspection staff, DelDOT considers a full year of inspection experience as assisting with or
performing inspections for at least 150 bridges within one calendar year. The requirement for consultant
inspection staff is 50 bridges per year due to the recognition that consultants typically inspect larger,
more complex structures.

Bridge Inspection Team Member (TM)
DelDOT takes the qualifications one step further than the NBIS to address inspection TMs that have not
obtained TL status as per the requirements above. This requirement applies to engineer and technician

inspectors alike.

e Less than 12 months of inspection experience — no requirement, the individual will be assisting
with inspection activities and under direct supervision of the TL

e 12 months or greater of inspection experience — the individual must successfully complete the
two- week NHI Comprehensive Bridge Safety Inspection Course

Refresher Training

In addition to the requirements just listed, all inspection personnel, regardless of TL status, are required
to have taken and successfully passed the three-day NHI Bridge Safety Inspection Refresher Course every
five (5) years from the date of taking and successfully passing the two-week course.

4.2.3.1 Underwater Inspector Qualifications

The qualifications of underwater inspection personnel are broken down into two categories: the diving

operation and the inspection operation. The underwater consultant and all inspection personnel assigned
to the project must meet these requirements in order to be approved to perform the inspection of any
State-owned bridge.

Diving Operations
In regards to the diving operation, each diver assigned to the project shall have received certification

from a commercial diving school or organization. All divers must satisfy requirements for training and
medical examinations in accordance with the Occupational Safety & Health Administration’s (OSHA)
Commercial Diving Standards. In addition, the consultant is to maintain a Safe Dive Practices Manual as
per OSHA.

Inspection Operations
Essentially, the qualifications are the same as for inspection personnel as outlined in Section 4.2.3.

However, there are additional requirements that are specific to DelDOT’s Bridge Inspection Program and
are as follows:

1. All diver inspection personnel are to have taken and successfully passed the four-day NHI
Underwater Bridge Inspection Course.
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2. The underwater inspection team shall have a PE diver registered in the State of Delaware that
also qualifies as a TL on site during each underwater bridge inspection. This individual does not
necessarily have to be the diving inspector, but should be available to assess, evaluate, and
confirm inspection findings, if necessary.

3. As noted in Section 4.2.3, all inspection personnel with 12 months or greater of inspection
experience are required to have taken and successfully passed the two-week NHI Comprehensive
Bridge Safety Inspection Course. As a result of this requirement, an underwater inspector with
the four-day NHI Underwater Bridge Inspection Course and 12 months or greater of bridge
inspection experience is not qualified to inspect or assist with an inspection of a DelDOT-owned
bridge without the two-week NHI Comprehensive Bridge Safety Inspection Course and will not be
approved to do so.

4.2.3.2 Fracture Critical Bridge Inspector Qualifications

In addition to the qualifications outlined in Section 4.2.3, inspection personnel for the fracture critical
elements of a bridge must meet the following additional requirements:

1. The TL and TM personnel participating in a fracture critical bridge inspection are required to have
taken and successfully passed the NHI Fracture Critical Inspection Techniques for Steel Bridges
Course.

2. All inspection personnel participating in a fracture critical bridge inspection are required to have
taken and successfully passed the NHI Fracture Critical Inspection Techniques for Steel Bridges
Course once every ten (10) years from the date of originally taking the course.

3. All fracture critical bridge inspections shall have a certified TL that has a PE license in the State of
Delaware present during the inspection due to the complexity of fracture critical bridges and the
vulnerability to fatigue cracking. The PE shall serve as a technical resource for the inspection team
and ensure a thorough investigation. They shall provide careful consideration of all critical fatigue
prone details, fracture critical members, and problematic areas. Having the PE present will aid the
inspection team in better identifying critical findings and locations warranting analysis or
requiring follow-up actions.

4.2.3.3 Complex Bridge Inspector Qualifications

To match DelDOT’s current bridge inventory, inspection staff qualifications for complex bridges have been
broken into three groupings: non-fracture critical movable bridges, fracture critical movable bridges, and
cable stayed bridges.

Non-Fracture Critical Movable Bridges

The requirements for all inspection personnel follow that of a routine bridge inspection and therefore
utilize the same qualifications found in Section 4.2.3 with one additional requirement: the TL and TM that
perform the inspection are required to have taken a movable bridge inspection course or have inspection
experience with similar types of bridges.
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Fracture Critical Movable Bridges

The requirements for all inspection personnel follow that of a fracture critical bridge inspection and
therefore utilize the same qualifications found in Section 4.2.3.2 with the one additional requirement: the
TL and TM that participate in the inspection are required to have taken a movable bridge inspection
course or have inspection experience with similar types of bridges.

Cable Stayed Bridges
The qualifications of inspection personnel for the IRIB shall comply with the specifications of the IRIB

Manual for Inspection and Maintenance. In general, the requirements for all inspection personnel follow
that of a routine bridge inspection and therefore utilize the same qualifications found in Section 4.2.3
with the one additional requirement. The TL and TM that participate in the inspection are required to
have received specialized training pertaining to the features commonly found with that of a cable stayed
bridge or have inspection experience with similar types of bridges.

4.2.3.4 NDE Inspector Qualifications

The governing association for training and certifying inspectors for use in NDE is the American Society for
Nondestructive Testing (ASNT). Likewise, the Certification for Welding Inspection (CWI) is issued through
the American Welding Society (AWS). There are different requirements and certification levels within
ASNT for identifying the qualifications of a NDE technician or inspector.

The first requirement is that the NDE Technician must have CWI certification. Additional requirements,
specific to each type of NDE method, are listed below. For radiography testing, the Industrial Radiography
and Radiation Safety Personnel (IRRSP) certification is offered through the ASNT program.

e Dye-Penetrant Testing - ASNT Level Il Certification or have been trained by a ASNT Level I

Certified Technician or have attended and successfully passed a training course involving Dye-
Penetrant Testing
e Ultrasonic Testing - ASNT Level Il Certification for straight beam and shear wave

e Magnetic Particle Testing - ASNT Level Il Certification or have been trained by a ASNT Level Il

Certified Technician
e Eddy Current Testing - ASNT Level Il Certification
e Radiography Testing - IRRSP certification as an ASNT Level I

4.2.3.5 QC of Inspection Personnel

QC of inspection personnel consists of ensuring that all inspection staff meet the qualifications as defined
in Section 4.2.3. The responsibility of ensuring that qualified personnel are inspecting DelDOT'’s bridges
belongs to the BIE. The BIE will verify that the TL and all TM’s for each inspection have been approved by
the Department and are on DelDOT'’s Bridge Inspection Certified Inspector List. This task is accomplished
while reviewing and performing QC on the inspection report.

Inspector qualifications will be documented and tracked by the BIE to maintain a master list of all
approved inspection personnel for participating on State-owned bridge inspections. As part of this, the
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BIE is responsible for coordinating refresher training for in-house personnel. This includes budgeting,
scheduling the training and accounting time into the yearly inspection schedules to allow for the
necessary inspection staff to attend training. The BIE is also required to verify and update information for
all previously approved inspection personnel on a yearly basis. Copies of certifications and registrations
are stored in electronic format for each inspector along with a spreadsheet. Items that are to be updated
and/or verified include the following:

e Years of Experience
e Certifications and Registrations
e Training and Refresher Training

This information, as well as the addition of new inspection personnel, may be updated during the course
of the inspection year as information is submitted to the BIE.

4.2.4 Resolution of Data Errors

Throughout the QC process, data errors may be encountered that will need to be addressed. These errors
can stem from the quality of the documentation or from that of the report itself. The errors may be
detected during any phase of the inspection or review process. Errors will generally fall under one of the
following categories:

e NBI Inventory Data

e Element Selection and Condition Rating Data
e NBI Condition Rating Data

e Inspection Forms and Sketches

e Photographic Documentation

The process to resolve any data error found should follow these general guidelines:

1. Anyobvious error that is observed and that does not affect the condition ratings can be corrected
in the inspection report, particular form or sketch by the individual finding the error.

2. Any missing or indiscernible data or information from the report, form, or sketch should be
brought to the attention of the TL if the error is found by the BIE through the use of the QCRR
(refer to Appendix A). It will then ultimately be the responsibility of the TL to acquire the missing
data or clarify the data as necessary before the BIE finalizes the report in the database. This
includes any out of focus, mislabeled or missing photographs as well.

3. Discrepancies in inventory data or assigned element and/or NBI condition rating data in regards
to established procedures and protocol presented within this Manual should be brought to the
attention of the TL. The discrepancy should be discussed and, if determined necessary, additional
measurements, sketches or photos will be obtained to resolve the issue. This could also result in
either the original inspection team revisiting the bridge and/or the BIE making a visit to confirm
the inspection team’s findings.
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4. Ultimately, the BIE has final say and has the authority to supersede the NBI condition assignments
made by the TL and/or inspection team that performed the inspection. In the case of such an
event, adequate documentation shall be provided in the inspection report by the BIE.

All data errors found by the BIE should be included in the QCRR that is filled out as inspection reports are
downloaded in the database. The form includes the date that the BIE performed the review as well as the
initials of the inspection team members. The first initials are that of the designated TL for that particular
inspection. Once the error has been corrected or the discrepancy resolved, the BIE shall update the form
to identify that the error(s) have been resolved and the final report shall be printed.
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4.3 Quality Assurance Procedures

In order to comply with the NBIS, bridge owners are required to have a Bridge Inspection Program that
includes QA procedures. QA procedures are important to maintain a high degree of accuracy and
consistency in the inspection program. Accuracy and consistency of the bridge inspection data are the
foundation of the bridge management systems and operations. The accuracy and consistency of the
inspection and documentation is vital because it impacts programming and funding appropriations, and
public safety.

The next few pages present DelDOT’s QA Procedures which have been broken down into five separate

areas:
1. Bridge Inspection Review Processes
2. Inspection Program Review Process
3. Sampling Protocol
4. Inspector Disqualification Procedures
5. Roles and Responsibilities of the QA Team

4.3.1 QA Bridge Inspection Review Procedures

This section provides guidelines and procedures for administering QA reviews for the field inspection,
documentation, reports, and bridge inspection files in regards to the inspection process. The QA review
has been organized into three separate components to address all areas listed above. The QA Inspection
Review process proceeds through all three components sequentially. First, the inspection file review is
completed, then the office review, and finally the field reviews are conducted.

All three procedures are performed for the same group of selected bridges and include an equal
percentage of in-house and consultant inspections. However, it does not involve underwater inspections
that only assess the substructure, channel, and waterway conditions. This is due to the inability of the QA
Team to access the bridge and confirm inspection findings. However, the documentation provided within
the underwater inspection report is reviewed to verify that the underwater inspection findings justify the
NBI condition ratings.

The bridges are randomly selected during the beginning of the calendar year by the BIE as inspection
schedules are being established and assigned. The random selection encompasses various types of
bridges including the following: fracture critical, complex, and posted bridges. Prescriptive sampling
protocol details can be found in Section 4.3.3. The QA Team can modify their selection requirements as to
the type of bridges that the quality review will incorporate and emphasis may change from year to year
depending on general inspection results, observed problems, or inconsistencies in reporting, or the desire
to monitor new or critical evaluation items. Since the bridges being randomly selected can have
inspection dates ranging from February to November, the QA Inspection Review process usually takes
place during the months of November and December. As part of the QA Inspection Review process, the
QARR reporting template has been established. A sample QARR can be found in Appendix A.
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The goals of the QA Inspection Review procedures are two-fold. The first goal is to identify deviations or
discrepancies that are associated with a particular TL or inspection staff and to bring it to their attention
so the issue(s) can be resolved. The second goal is to highlight improvements that may need to be made
to the Bridge Inspection Program to address and resolve issues found throughout the QA review process.
This may include setting up special training on specific items, issuance of clarifying memorandums or
directives, or meetings with staff and/or consultant inspection teams.

4.3.1.1 QA Bridge Inspection File Review Procedures

The first step in the QA Inspection Review process is reviewing the bridge inspection files. As part of
DelDOT'’s Bridge Inspection Program, each bridge has its own bridge inspection file. Refer to Section 3.5.8
for further discussion of the bridge files.

The steps for QA review of the bridge inspection files include the following tasks:

1. Confirm that the most recent inspection report was placed on top on the left hand side in the
Active inspection file.

2. Confirm that all documentation, forms, sketches, photo report, Structural Data Report (SDR)
sheets have been assembled and placed in the inspection file correctly as per this Manual.

3. Confirm that the designated TL has signed and dated the inspection report.

4. Confirm that the latest three routine inspection reports are included in with the Active inspection
file and any other report beyond that have been placed in the Inactive file(s).

5. In general, confirm that all plans, load ratings, and other necessary documentation exist in the
bridge inspection files.

Anything found during the QA Office Review process shall be identified on the QARR for that particular
bridge.

4.3.1.2 QA Office Review Procedures

The QA Office Review Procedures involve reviewing all documentation and the entire inspection report

for accuracy and conformance to procedures and protocol presented throughout this Manual. Essentially,
this portion of the QA Inspection Review is similar to the review performed during the QC Inspection
Review process for the documentation and reports. Tasks associated with this portion of the QA process
can be found in Sections 4.2.1.2 and 4.2.1.3. The one additional task involved with the QA procedure
involves confirming that all items identified on the QCRR (see Appendix A) have been addressed and that
there is a corresponding sign-off date for each item. Anything found during the QA Office Review process
shall be identified on the QARR for that particular bridge.

4.3.1.3 QA Field Review Procedures

All three members of the QA Team (see Section 4.3.5) will participate in field visiting each bridge that was
randomly selected. The purpose of the visit is to perform a cursory inspection to confirm the inspection

team’s findings and their documentation. The cursory inspection will consist of a visual inspection only,
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unless a critical defect or deterioration is observed, and that was not found or reported during the
original inspection. In this case, the necessary steps shall be taken by the QA Team to obtain traffic
control and/or equipment access to gain hands-on access of the area in question. In regards to a critical
defect or deterioration that was noted during the inspection, if feasible those areas shall be accessed by
the QA Team to confirm the severity and that adequate documentation of the defect was obtained. The
tasks of the QA Team that are associated with QA Field Review include the following:

Verify NBl inventory data
Verify the element selection for the bridge
Verify element and NBI condition ratings through performing an independent, cursory inspection
of the bridge
4. Verify measurements of section loss, bearing loss and/or sketches denoting significant
deterioration
Verify load posting and signage
Verify any identified maintenance recommendation selections
Verify/spot check scour soundings and/or under clearance measurements

All findings from the QA Team’s field visit will be presented in the QAAR. It is possible that some of the
findings will require additional action from that of the TL, such as placing additional Maximo Work Orders
or sketching additional or missed deterioration. Likewise, some findings may not require action, but will
need to be discussed or clarified with the TL. Once the QA Team has completed all field reviews and the
BIE finishes the QAAR for each bridge, the BIE and BME will meet with each TL to discuss the QAAR for
each bridge that was randomly selected as part of the QA process.

4.3.2 Inspection Program Review Procedures

A QA program would be incomplete without procedures for assessing and reviewing the Bridge
Inspection Program to assure that the NBIS requirements are being met. In order to get an unbiased,
independent review of the inspection program and how it complies with the NBIS, inspection program
review procedures have been incorporated into the QA process. The inspection program review
procedures are separated for State-owned, DRBA, municipality, and privately-owned bridges.

4.3.2.1 State-Owned Bridges

The inspection program review procedure for DelDOT’s Bridge Inspection Program consists entirely of the

FHWA’s National Bridge Inspection Program (NBIP) Compliance Review procedures. Activities associated
with the NBIP Compliance review are performed by the FHWA Division Engineer and therefore, serves as
an independent review of the inspection program. The NBIP Compliance Review process has been broken
into 23 metrics that address all significant areas of an inspection program. The 23 metrics relate directly
to the wording and subsections in the Code of Federal Regulations, 23 CFR 650 Subpart C. Each metric
has multiple requirements and is evaluated on a yearly basis. Further details and discussion regarding the
FHWA compliance review process can be viewed in the NBIP Compliance Review document accessible
from the FHWA's website.
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The NBIP Compliance Review process involves all state-owned bridges (DelDOT and DNREC-owned), DRBA
bridges, and any city or town-owned NBI bridges. In accordance with the compliance review process, if
the FHWA finds DelDOT'’s Bridge Inspection Program to be “Substantially Compliant” for a particular
metric, then an Improvement Plan would be initiated requiring for the deficiency pertaining to that metric
to be addressed. Likewise, a Plan of Corrective Action (PCA) would be initiated for a particular metric that
was found to be “Non-Compliant”. For metric(s) originally receiving a “Non-Compliant” rating, a
“Conditional Compliant” classification will be assigned upon the FHWA approval of the PCA. It is the
responsibility of the Bridge Management Section to address any deficiency found during the NBIP
Compliance Review and to ensure that all PCA(s) and Improvement Plan(s) be adequately addressed and
in the time frame agreed upon with the FHWA. The BIE serves in the primary role for accomplishing this,
however, the BME will provide guidance, support and, if needed, allocation of additional resources in
order to improve the inspection program and to implement new processes to correct any identified
deficiencies.

In addition to evaluating the Bridge Inspection Program, the NBIP Compliance Review process involves a
random sampling of DelDOT’s NBI bridge inventory. Different random selections are made to evaluate the
bridge inspection files, inspection reports, and to perform a field review consisting of a cursory
inspection. This is similar to, and in addition to, that of the QA Inspection Review Procedures that
DelDOT’s QA Team performs on a yearly basis. For details as to how the random selection generation is
made, refer to the FHWA NBIP Compliance Review document.

4.3.2.2 City-Owned Bridges

In 2009, DelDOT decided to assume responsibility for inspection and performing load rating analyses for

NBI bridges that are owned by a municipality upon request. Maintenance, load posting, and replacement
are still the responsibility of the individual municipality, but DelDOT will assist with obtaining federal
funding, if applicable. Therefore, a city-owned bridge follows the same inspection program review
process as a state-owned bridge, since those bridges now fall under the responsibility of DelDOT’s Bridge
Inspection Program. Additional discussion in regards to load posting of city-owned bridges can be found
in DelDOT’s Bridge Design Manual.

4.3.2.3 DRBA-Owned Bridges

DRBA’s bridges are included in the random sampling of the NBIP Compliance Review process. DelDOT is
required to submit DRBA’s NBI data to the FHWA each year and DelDOT maintains a separate bridge
inspection file for each of DRBA’s 15 bridges. This includes SDR reports, field notes, photo reports, plans,

load ratings, maintenance history, and any correspondence.

DRBA’s inspection program is not evaluated or reviewed during the FHWA compliance review process,
although their bridge data is included in the review of DelDOT’s Bridge Inspection Program. As per the
NBIS, it is the State’s responsibility to review another agency’s Bridge Inspection Program to ensure that it
complies with the requirements of the NBIS. Therefore, DelDOT’s Bridge Management Section has
established a Bridge Inspection Program Compliance Review Process specific to the DRBA. This process is
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completed every four (4) years and is similar to the previous NBIP Compliance Review process. The
compliance review process addresses and evaluates all the fundamental requirements identified in the
NBIS. As part of the process, DRBA staff and DelDOT’s BIE and BME will meet to go over the compliance
review form and discuss DRBA’s Bridge Inspection Program. The FHWA Division Engineer will be invited to
participate.

The form will typically be sent prior to the meeting to provide DRBA additional time to review the prior
compliance review document and prepare for the upcoming compliance review. As part of the process, a
random selection of DRBA’s bridge will be made and DelDOT’s QA Team will perform a QA review of the
documentation, inspection report and will field visit each selected bridge to verify inspection findings
similar to DelDOT’s internal QA Inspection Review process. Refer to Section 4.3.3 for sampling protocol
details. The compliance review form will identify deficiency where DRBA needs improvement as well as
provide “Good Practices” relating to DRBA’s Bridge Inspection Program. Any deficiencies found during the
compliance review process of DRBA’s Bridge Inspection Program or DelDOT’s NBIP Compliance Review
process that affect DelDOT’s Bridge Inspection compliance with the NBIS, will require a Plan of Corrective
Action to address each deficiency. The PCA(s) shall be completed within 12 months of DelDOT notifying
DRBA of the deficiencies. Upon completion of the QA inspection review and the compliance review form,
the BIE will send the finalized form to DRBA, the FHWA Division Engineer, and the BME for signatures.

4.3.2.4 Other Bridge Owners
Within the State, there are privately-owned bridges that do not meet the definition of a bridge per the

NBIS but do span over a public road or highway. Per Delaware Law, these bridge owners are required to
have their bridges inspected every five (5) years and submit inspection reports to DelDOT. The private
bridge inventory primarily consists of pedestrian bridges that are typically inspected by consultants. The
bridge owner is not required to have an official Bridge Inspection Program; therefore, these bridges do
not require a comprehensive compliance review to be performed. DelDOT's BIE will confirm the
qualifications of the consultant’s inspection staff to confirm they meet the requirements of the NBIS. The
BIE will also confirm that any private bridge inspection has been completed on time. In the event that a
consultant assigns a NBI condition rating of a privately-owned bridge as being Structurally Deficient, the
BIE and BME may choose to field visit the bridge to assess the severity of the condition and work with the
bridge owner in addressing the deficiencies. Documentation of the correspondence between DelDOT and
the bridge owner will be updated in the bridge inspection file.

4.3.3 QA Sampling Protocol

This section presents the sampling protocol that is incorporated into the random bridge selection as part
of the QA Process for a particular inspection year. These criteria will apply to consultant and in-house
inspections. The bridges are randomly selected during the beginning of the inspection year to filter out
bridges that may be under construction or bridges that have complex access restrictions. The random
selection percentages are carried out for all NBI bridges due for inspection in a given inspection year. The
same percentages are applied when selecting bridges for TL review. TLs shall not be aware of bridge
selection prior to their inspection.
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4.3.3.1 Routine Inspections

The sampling parameter for all NBI bridge inspections for a given inspection year is 5%, regardless of the
design or material type. This is applied to assigned bridge inspections for all TLs.

4.3.3.2 Fracture Critical Inspections

The sampling parameter for all NBI Fracture Critical bridge inspections for a given inspection year is 25%.
This is applied to assigned bridge inspections for each individual in-house inspection TL and each
consultant. In the case that a particular team has less than four (4) fracture critical bridge inspections
assigned to them, a minimum of one (1) bridge shall be selected. The selected fracture critical bridges
may be included with the 5% of the routine inspection random selection. This means, that it is possible
that a fracture critical bridge may be randomly selected for the routine inspection portion and selected
for the fracture critical inspection as well.

4.3.3.3 Complex Bridge Inspections

The sampling parameter for all NBI Complex bridge inspections for a given inspection year is 25%. This is
applied to assigned bridge inspections for each individual in-house inspection TL and each consultant. The
selected complex bridges will be included with the 5% of the routine inspection random selection. In the
case that a particular team has less than four (4) complex bridge inspections assigned to them, a
minimum of one (1) bridge shall be selected.

4.3.3.4 Posted Bridges

The sampling parameter for all NBI load posted bridges for a given inspection year is 25%. This is applied

to assigned bridge inspections for each individual in-house inspection TL and each consultant. The
selected load posted bridges will be included in with the 5% of the routine inspection random selection.
In the case that a particular team has less than four (4) posted bridges assigned to them, a minimum of
one (1) bridge shall be selected.

4.3.4 Disqualification Process of Inspection Staff

The last component of the inspection QA program involves the disqualification and the requalification
requirements for inspection staff that lose their TL status. This process is applicable for any in-house or
consultant inspection personnel participating in the inspection of a state-owned bridge. There are two
ways that a TL can be disqualified: delinquency of training certification or unsatisfactory performance.
The disqualification process only addresses inspection related deficiencies. Other issues associated with
in-house inspection personnel behavior including, but not limited to, drug and alcohol use, violence, and
any other violation stated in the State of Delaware Merit Rules do not fall within the limits of this process.
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4.3.4.1 Refresher Training

Disqualification Trigger

The first way for disqualifying a TL involves becoming delinquent in training requirements. Per the
qualification requirements presented in Section 4.2.3, all inspection personnel are required to take and
successfully pass the three-day NHI Bridge Inspection Refresher Training Course every five years upon
completion of the two-week NHI Comprehensive Bridge Safety Inspection Course. In the event that an
inspector does not successfully pass the three day refresher course or the inspector does not take the
refresher course within the five year time frame, that inspector will be considered disqualified and will
lose their TL status. A score of less than 70% constitutes unsuccessful completion of the course.

Re-qualification Requirement

In the event that a TL is disqualified as a result of unsuccessful completion of the three day refresher
course, the protocol for reinstating their TL status is as follows. The inspector will be required to wait 6
months in order to retake the course.

If an inspector is disqualified as a result of not taking the course within the five year time frame, then they
will lose their TL status until they take and successfully pass the refresher training course. A consultant TL
that is disqualified due to training requirements will be replaced with another qualified consultant TL
approved by the DelDOT’s BIE until the disqualified consultant TL obtains requalification.

4.3.4.2 Unsatisfactory Performance Review

Disqualification Trigger

The other way for disqualifying an inspection TL involves the annual Performance Review for an in-house
inspector or the Consultant Performance Review for consultant inspection staff. In the event that an
inspector receives an overall rating of an “Unsatisfactory” for a given Performance Review, that inspector
will be considered disqualified and will lose their TL status. If this occurs, the BIE must have sufficient
documentation in order to justify the unsatisfactory review. This will include results from the QA
Inspection Review Procedures or not meeting scheduled inspection deadlines in accordance with the
parameters identified in that individual’s signed work plan. The Consultant Performance Review will
follow the protocol established for the in-house Performance Reviews. The signed work plan provides
criteria for each Performance Review Rating level.

In addition, if an individual receives an overall rating of a “Needs Improvement” for a given Performance
Review, then the individual is placed on probation. This means that the individual can still serve as TL,
however if they do not receive an overall rating on their next Performance Review of a “Meets
Expectations” or higher, then they will be disqualified and lose their TL status.

Re-qualification Requirement

In the event that a TL is disqualified as a result of receiving an “Unsatisfactory” rating during the
Performance Review, the protocol for reinstating their TL status requires that the inspector will be
required to wait a minimum of 6 months and up to 12 months until their next Performance Review has
been completed. This serves to provide the inspector ample time for obtaining additional experience,
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training and allow the individual a chance to improve upon their inspection skills. A consultant TL that is
disqualified due to unsatisfactory performance will not be allowed to serve as TL for a DelDOT bridge
inspection for the remaining length of the inspection agreement. If the same consultant is selected for a
subsequent inspection agreement, consideration will be given to reinstating the TL by DelDOT.

4.3.5 QA Roles & Responsibilities

The roles and responsibilities involved with the QA Procedures for DelDOT’s Bridge Inspection Program
are spread among various staff from within the Bridge Management Section. The Department’s Bridge
Management Section has established a QA Team in order to handle the tasks associated with the QA
Procedures. The QA Team’s function is to monitor the inspection program by independently field visiting
and inspecting a representative sample of bridges previously inspected by in-house and consultant
inspection teams, and preparing a report comparing findings for consistency and accuracy. The QA Team
consists of the BIE, BME, and the Bridge Maintenance Engineer.

As a result of their extensive experience and broad spectrum of background in the bridge related field,
the QA Team is able to provide the technical expertise necessary for assuring that the Bridge Inspection
Program is efficient, consistent and is maintaining a high level of quality. The QA Team will perform an
annual review in order to measure the quality and uniformity of the inspection and documentation, and
to identify specific items or procedures in the Bridge Inspection Program where clarification, revision, or
additional training is needed. The members of the QA Team have different roles in accomplishing goals of
the QA Procedures.

4.3.5.1 Bridge Inspection Engineer

The BIE has a majority of the responsibility for QA and has oversight of the QA initiative. There are two
separate areas of the QA review process: the QA Inspection Review and QA Inspection Program Review.

QA Inspection Review Process

The tasks associated with the QA Inspection Review process are as follows:

Randomly select bridges to be reviewed
Perform QA review of the inspection files for those selected bridges

3. Perform QA review of the inspection report and documentation in the office for those selected
bridges

4. Start completing the first two sections of the QARR based upon the findings of the previous two
items

5. Schedule dates with the rest of the QA team to field visit and perform a cursory inspection for
each of the bridges selected

6. Perform the cursory QA inspections
Complete the last portion of the QARR based upon the findings of the cursory inspection for each
bridge
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8. Schedule dates to meet with each in-house TL or consultant Project Manager and the BME to
discuss the QARRs

9. Finalize each QARR by collecting the required signatures and dates, save documents
electronically, and submit to each TL by email for them to include with their records

10. Incorporate discussions of any significant QA review findings during the next Quarterly Inspection
Staff Meeting

More detailed discussion of these processes can be found in Section 4.3.1.

QA Inspection Program Review Process

The QA Inspection Program Review involves bridges that are State-owned as well as bridges owned by
DRBA, DNREC, city/towns within the State, and private owners. Roles of the BIE for participating in this
review process include the following tasks:

1. Coordinating with FHWA during the NBIP Compliance Review Process
2. Conducting a separate Bridge Inspection Program Compliance Review for DRBA
3. Conducting QA reviews for “Other” (Private) bridge owners

More detailed discussion of these processes can be found in Section 4.3.2.

4.3.5.2 Bridge Management Engineer

Roles of the BME can be broken out between the QA Inspection Review & QA Inspection Program Review
processes.

QA Inspection Review Process

There are three tasks that involve the BME during the QA Inspection Review process. The first involves
attending the cursory inspection for each of the randomly selected bridges with the rest of the QA Team.
The role of the BME is slightly different than that of the BIE. The BME is evaluating how the load ratings,
maintenance recommendations, and/or Maximo Work Orders all get incorporated into the inspection
report. The BME assures that goals of the Bridge Management Program are being accounted for and
procedures for each primary function of the program are being implemented properly during the
inspections. The three main functions of the Bridge Management Program are the Bridge Inspection,
Load Rating, and Bridge Maintenance Programs.

The second role of the BME during the QA review process involves participating in meetings with the BIE
and each TL upon completion of the QARRs. This allows for the BME to reinforce the value of the QC/QA
process and assist with communicating among the inspection staff any concerns or additional needs that
could improve the inspection program.

The final role of the BME is to follow-up on any process or program issues that surface as a result of the
QA review process. This could involve an issue that needs clarification for the inspectors and how to
accomplish a certain task or an additional process that needs to be incorporated into an existing
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procedure to resolve the issue. The issue could be something affecting either the Bridge Inspection,
Bridge Maintenance, or Load Rating programs.

QA Inspection Program Review Process
The BME will participate in meetings with the FHWA and/or DRBA. The BME is ultimately responsible for
overseeing the BIE and the Bridge Inspection Program, but the role served during the compliance review

process is geared more towards providing management support to the BIE and the process as a whole,
and assisting with discussions. The BME provides more insight and takes the lead on load rating and
maintenance issues involved with the compliance review processes.

4.3.5.3 Bridge Maintenance Engineer

The Bridge Maintenance Engineer participates in the cursory field inspection but has no other

involvement in the QA Inspection Review process.

The Bridge Maintenance Engineer assists with comparing bridge condition findings during the cursory
inspection to what was reported by the inspection team, but focuses more on the maintenance aspects
including both preventative and corrective maintenance items. This includes assuring that existing
policies were followed by the inspection team, determining if modifications are required for existing
policies, and evaluating different element condition state and corresponding work action description
assignments within the BEIM. Further discussion is presented in Section 4.3.1.2.
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5.1 Infroduction

Bridge inspection is inherently dangerous and requires continual awareness on the part of each member

of the inspection team. This section provides individuals and organizations involved with bridge
inspections information aimed at ensuring the safe completion of inspection activities on DelDOT bridges.
Additional information provided in this section includes relevant regulations, requirements, and
procedures for personal equipment, access equipment, site conditions, and responses to on-site
emergencies.
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5.2 Safety Roles & Responsibilities

Safety for oneself and others is the responsibility of all involved in the inspection process. All participants
should have the appropriate training for their assigned tasks and the equipment they will use. The
following is a list of key personnel involved in bridge inspections and their roles and responsibilities
regarding safety.

5.2.1 Team Member

Bridge Inspection Team Members (TM) are responsible for checking the condition, maintaining, and
storage of their own equipment. This includes hard hat, safety vests, eye protection, and
harnesses/lanyards. Any personal protection equipment determined to be unsuitable shall be removed
from service and contact the BIE for replacement items. Inspectors shall identify any unsafe access, traffic
or environmental conditions that could affect their personal safety. In addition, inspectors should
recognize their own limitations and comfort level and communicate them with their supervisor and team
members.

5.2.2 Team Leader

The Bridge Inspection Team Leader (TL) shall be familiar with applicable safety laws, able to recognize
potential health concerns, ensure compliance when performing inspection tasks, and include safety in the
planning process including an analysis of conditions at the bridge site such as potential confined spaces
and environmental hazards. The TL is responsible for ensuring that the appropriate equipment is available
and enforcing its proper use. TLs shall conduct safety meetings when starting a new inspection task, site
conditions change, new team members are present, and before unfamiliar work is performed in order to:

e Review new or different tasks to be performed

e |dentify potential hazards and discuss solutions

e |dentify unusual conditions associated with the bridge site
e Discuss traffic control procedures

e Verify access equipment condition and use

5.2.3 Bridge Inspection Engineer/Consultant Project Manager

The BIE and consultant project managers shall be familiar with applicable safety and health laws, enforce
safety policies, and ensure that inspectors have the appropriate training and equipment necessary to
safely perform their jobs. Project managers shall ensure that training certificates are kept on file and
current, review incidents as they occur, and facilitate discussion to periodically review safety practices.
Refer to Section 5.5 for incident reporting requirements.

The BIE is additionally responsible for distribution of this manual and communication of updated DelDOT
policies to in-house staff and consultant project managers. All consultant project managers are
responsible for disseminating new or updated information to their inspectors.
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5.2.4 DelDOT Safety Officer

The DelDOT Safety Officer will review incident reports and maintain documentation pertinent to on-site
accidents. The Safety Officer is responsible for periodically reviewing safety practices and altering current
standards or augmenting training to foster a safe working environment. Refer to Section 5.5 for incident
reporting requirements.
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5.3 Safety Requlations & Guidance

When inspecting DelDOT bridges, consultant workers shall be bound to the safety standards set forth in
OSHA Safety & Health Regulations for the Construction Industry (29 CFR 1926) and the Delaware MUTCD.
In-house inspectors shall follow the DelDOT Safety Manual and the Delaware MUTCD. The following
sections refer to specific subparts and articles of those documents and provide guidance where
necessary, but inspectors should be familiar with and follow pertinent standards.

5.3.1 Personal Protective and Life Saving Equipment

29 CFR 1926 Subpart E governs the use and minimum requirements for most PPE. Foot, head, hearing,
eye, and respiratory protection standards are covered here. Remaining PPE such as high visibility apparel
is governed by the MUTCD in Section 6D.03 and as amended in the Delaware Revisions to the MUTCD.
While in many cases it is the employer’s responsibility to supply PPE to the inspector, it is the individual’s
responsibility to maintain and inspect the equipment. Expired, damaged, and defective PPE should be
reported and replaced immediately.

Most inspection activities involving access equipment will present the danger of head injury due to
accidental impact with bridge components, therefore hardhats or other approved head protection should
at a minimum be worn during these activities. Eye protection becomes necessary when particles become
airborne such as sounding concrete or brushing or scraping an element.

Respiratory protection may be necessary at any time based on the surrounding environment and
conditions at the bridge site. Many types are available for various atmospheric hazards. Inspectors should
carefully assess potential hazards and select the appropriate protection. Respiratory protection should
especially be considered when cleaning, working in areas of significant animal debris, entering enclosed
box members, disturbing lead-based paint, and working near construction. Evaluation for use of
respiratory protection shall be considered for inspection operations to be conducted in machinery pits of
moveable bridges as a result of pigeon dropping debris.

Subpart E also governs work over or near water and the use of approved flotation devices, life buoys, and
safety boats. All three are considerations when working over or near water where there is a drowning
hazard present. Safety boats may be used when conditions warrant and will be determined on a case-by-
case basis. Clarifications to the OSHA standards state that life jackets may not be necessary when fall
protection systems are suitable to alleviate the drowning hazard, however life buoys and a safety boat
should still be available.

5.3.2 Access Methods

This subpart covers safe practices for the use of most means of access required for bridge inspection.

5.3.2.1 Lift Vehicle Access Equipoment

29 CFR 1926 Subpart L governs the use, maintenance, and condition of aerial lifts. Subpart O governs
motor vehicle and mechanized equipment usage on jobsites.
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All access equipment, including bucket trucks, aerial lifts, and UBIVs, must be erected, deployed, and
maintained by trained and, if applicable, certified personnel. Inspectors shall ensure that all access
equipment has been correctly maintained and is in good working condition prior to its use by running
basic checks of mechanical equipment to verify that the system is working properly. Equipment requiring
maintenance shall be put out of service immediately and reported to the appropriate individual for repair
or replacement.

Inspectors shall refrain from using or operating equipment with which they are not familiar. Inspectors
shall understand and follow the limitations and usage cases defined by the manufacturer. Bucket trucks,
aerial lifts, and UBIVs should have documentation available on the vehicle stating the safe working
envelope and appropriate environmental conditions. High winds, soft or wet soils, and steep slopes may
preclude the safe operation of certain access equipment. Modern equipment may include safety checks
(limit switches) that prevent the operator from maneuvering the equipment outside of the safe working
envelope, however inspectors should not rely on these to prevent unsafe situations. Such equipment may
also include system overrides allowing potentially unsafe positions, but only trained personnel should
utilize this feature.

5.3.2.2 Ladder & Scaffolding

29 CFR 1926 Subpart L governs the use, maintenance, and condition of work platforms. Subpart X governs

stairways and ladders.

All access equipment, including ladders and scaffolding must be erected, deployed, and maintained by
trained and, if applicable, certified personnel. Inspectors shall ensure that all access equipment has been
correctly maintained and is in good working condition prior to its use by performing a visual check.
Equipment requiring maintenance shall be put out of service immediately and reported to the
appropriate individual for repair or replacement.

Care should be taken when loading and unloading ladders from vehicles and transporting them on-site,
especially up and down slopes. When leaving the job site, inspectors should verify that all equipment is
stowed and secure for transportation.

5.3.2.3 Working Adjacent to Traffic

When working either on foot or in inspection access equipment adjacent to live traffic, inspectors must

wear the appropriate high visibility apparel as governed by the MUTCD in Section 6D.03 and as amended
in the Delaware Revisions to the MUTCD. Inspectors shall refrain from entering live traffic lanes for any
reason.

5.3.2.4 Working over or Near Water

29 CFR 1926 Subparts E and O govern work performed over or near water. Typical inspector activities
over or near water include when walking or climbing on catwalks or bridge elements, when using a UBIV
or manlift, and when working from boats or barges. When walking or working near unguarded edges, a
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U.S. Coast Guard-approved work vest or buoyant vest shall be worn. A lifesaving skiff or safety boat shall
be immediately available.

5.3.2.5 Boat Safety

The Delaware Division of Fish & Wildlife and Delaware State law govern the education and certification

requirements for operation of a motorized waterborne vessel on Delaware waterways. Each person
working from a boat shall be provided with a U.S. Coast Guard-approved life jacket or buoyant work vest.

Care should be taken when loading and unloading boats and equipment from vehicles and trailers. When
leaving the job site, inspectors should verify that the boat and equipment are properly stowed and secure
for transportation.

5.3.2.6 Climbing & Rope Access

Assisted free climbing and industrial rope access to towers, cables, and other bridge elements are

governed by the Society of Professional Rope Access Technicians (SPRAT). SPRAT provides standards
through their Safe Practices for Rope Access Work and Bridge Inspection-Typical Rope Access Techniques
documents. These access methods shall be erected, maintained, and utilized by personnel properly
trained and certified in SPRAT techniques.

5.3.3 Fall Protection

29 CFR 1926 Subpart M governs the design, use, and maintenance of various fall protection systems. In
general, fall protection shall be used when working at heights of 6-feet and higher and with lifts, bucket
trucks, UBIVs, and other similar access equipment. The most frequently used fall protection for
inspections is a personal fall arrest system made up of a harness, lanyard, and anchor point. While
potentially acceptable for some purposes, inspectors should be aware that belt systems are no longer
acceptable for most inspection activities. Instead a full body harness shall be used. Refer to Subpart M
and the OSHA Standard Interpretations for guidance.

5.3.3.1 Indian River Inlet Bridge Pylon Towers

The IRIB pylon towers have been equipped with a ladder system and rigging anchors for a proprietary fall

arrest system. Inspectors shall familiarize themselves with this unique system and its use and coordinate
with the BIE for the additional training and equipment that may be necessary.

More information is available in Section 5 of the IRIB Manual for Inspection and Maintenance.

5.3.4 Confined Spaces

29 CFR 1926 Subpart AA governs confined space entry, permitting, training, and equipment. OSHA
defines a permit-required confined space as a confined space that has one or more of the following
characteristics:

1. Contains or has a potential to contain a hazardous atmosphere;
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Contains a material that has the potential for engulfing an entrant;
Has an internal configuration such that an entrant could be trapped or asphyxiated by inwardly
converging walls or by a floor which slopes downward and tapers to a smaller cross-section; or

4. Contains any other recognized serious safety or health hazard.

Confined spaces in DelDOT bridge inspections can include the interiors of steel box girders, long or full
culverts, and pylon towers. In the case of culverts not deemed to be a confined space where access or
maneuverability is not restricted, use of an air meter shall still be used to confirm that adequate air
conditions exist for inspection personnel.

All participants in a confined space entry shall be properly trained in OSHA permit-required confined
space entry procedures; however the TL will determine the appropriate permit requirements, equipment,
and controls for a safe entry per OSHA standards.

5.3.5 Diving Operations

29 CFR 1910 Subpart T provides the regulations for commercial diving operations. Divers shall be properly
trained in best industry practices, practice good judgement, and utilize well-maintained equipment in
good working order which must include a diver communication system, regardless of diving method.

In accordance with OSHA regulations, all diving operations must have a safe practices manual available at
the dive location outlining the OSHA standards and the employer’s policies for implementing the
requirements of the standards. The manual must include:

e Safety procedures and checklists for diving operations

e Assignments and responsibilities of the dive team members
e Equipment procedures and checklists

e Emergency procedures

Divers should also have a site-specific dive plan available at the dive location with an activity hazard
analysis and locations of the closest hospital and hyperbaric chamber.

5.3.6 Bridges over Railroad

When inspecting within the right-of-way of railroads or other agencies, inspectors shall follow the
appropriate agency standards. This may include additional permitting procedures, training for agency-
specific regulations, and safety programs not included in this manual. Contact the applicable agency for
details and lead times on the appropriate measures. AMTRAK, in particular, requires additional safety
training through their annual Contractor Orientation Course available at www.AmtrakContractor.com.
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5.4 Personal Safety

5.4.1 Clothing

In addition to PPE, proper clothing should be worn that is appropriate for the weather and anticipated
activities. Inspectors should be aware of the signs of heat and cold stress in themselves and others and
cease work activities when symptoms present themselves.

Long pants and sleeves as well as gloves can help to prevent many hazards inherent in bridge inspection
such as cuts, poisonous plants, sunburn, and insect bites. Clothing and equipment should not be loose-
fitting or hanging from the body in a manner that presents a snagging or tripping hazard when performing
inspection activities.

5.4.2 Waders

When waders are worn for inspection purposes, inspectors must be aware to avoid conditions that could
cause the waders to fill with water and drag the inspector under. Slipping, stepping in a scour hole or
other deep area, and quick moving currents can cause waders to overtop and fill. Even in calm weather
conditions, storms upstream of the inspection site may generate high flows or flash flooding in culverts
and streams. Inspectors shall use caution when in the waterway, utilizing a scour pole or rod to probe the
channel bottom, confirm water depth, help identify hazards, and provide stability while moving about the
waterway. Inspectors may wear a personal flotation device depending on his or her comfort level and the
presence of a drowning hazard. Never use waders without another qualified person present.

DalDOT 5-8 2020



BRIDGE INSPECTION MANUAL

5.5 Injury, Accident, and Equipment Damage

5.5.1 Personal Injury

In the event of a serious accident or injury, contact emergency medical personnel immediately by calling
911. When reporting, be clear and accurate, providing exact location for emergency responders. Do not
move the injured person while waiting for medical assistance unless it is essential to prevent further
injury.

Assist the injured person and stay with them while waiting for medical assistance, but first aid should not
be administered by non-medical personnel except in the case of severe bleeding or cessation of
breathing. In this case, any attempt to render first aid is performed under the State of Delaware’s Good
Samaritan Law. DelDOT offers first aid training to in-house staff. This training is not required but
recommended for bridge inspection staff.

As soon as time permits, notify the BIE and, if applicable, consultant project manager of the incident. The
BIE shall contact DelDOT’s TMC Section to make them aware of the situation and to coordinate assistance
from the District or Traffic Section if needed. A full account will be issued to the DelDOT Safety Officer for
investigation and analysis.

Non-serious accidents or injuries not requiring immediate medical assistance shall also be reported to the
BIE and, if applicable, consultant project manager. The BIE or acting manager must complete a DelDOT
Employee Incident Report within 24 hours of any incident/injury involving DelDOT personnel. DelDOT
Occupational Safety must also be contacted immediately after an incident has occurred at 302-760-2088.
This form can be found on the DelDOT intranet at the link below.

http://mydot-stage/divisions/hr/policies_procedures/work_comp_info/index.shtml

5.5.2 Traffic Accident

When a DelDOT work or access vehicle is involved in a traffic accident, general information must be
obtained and reported to the BIE and DelDOT Safety Officer:

e The make and license number of each vehicle involved in the accident

e Photographs of damage and location of the accident

e The name, telephone number, and insurance information for all drivers involved in the accident

e The names and phone numbers of any witnesses to the accident, including inspection team
members

e |f the assistance of police is necessary, request a copy of the official police report

e Complete a DelDOT Automobile Accident Report within 24 hours for all state vehicles involved

When a traffic accident occurs in or around TTC, the TL shall immediately contact the DelDOT Safety
Officer, the BIE, and document the same information along with information pertaining to the TTC setup
and the contact information for the traffic control team.
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5.5.3 Equipment Damage

DelDOT-owned equipment such as the UBIV, bucket truck, work trucks, ladders, or boats damaged when
in use shall be reported immediately to the BIE and appropriate maintenance personnel so the problem
can be rectified and the safety of future inspection personnel is not in jeopardy. Document the cause and
known extent of the damage with photographs to accompany the description.
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6.1 Infroduction

Events that result in bridge damage will often require the immediate assessment of the structure by
qualified inspectors. The BIE and/or BME will assess the situation and determine the level of inspection
required. Inspections could be triggered by storms, fires, earthquakes, vehicle and marine vessel impacts,
or other extreme events affecting the structural integrity of a bridge. Inspections for such events will
generally focus on the areas of damage, the immediate surrounding area, and any members directly or
indirectly affected by the transfer of the damaging loads through the structure and/or the new load path
caused by weakened or distorted members. Inspectors should assess the structural integrity of the
bridge. The inspection team shall check previous inspection reports to verify whether conditions existed
or were potentially caused by the event. Typically, response and inspection efforts for incidents, weather
events and emergencies are not documented through normal bridge inspection reporting procedures.
Instead, the response and inspection efforts are documented through an Incident Response Summary.

Many events that result in bridge damage cannot be anticipated and require quick response from
inspection teams. Individuals at all levels of DelDOT and consultant inspection teams should ensure that
their contact information is up to date and understand who is to contact them and who they are to
contact in the case of an incident response.

A description of the incident event and Bridge Management’s response effort summary is to be
documented in the Incident Response Summary. The Incident Response Summary may include
documentation for multiple structures. A sample summary has been included in Appendix A. Any
additional forms, sketches, photographs, or reports shall be included with the Incident Response
Summary. Inspectors shall also provide recommendations for necessary repairs, including full or partial
bridge closure. The BIE or BME will direct inspectors on the appropriate reporting procedures on a case-
by-case basis. The BIE or BME shall update the Incident Response Log spreadsheet for tracking purposes.
The Incident Response Summary shall include a list of all structures inspected as a result of the
incident/event regardless as to whether or not deterioration or damage was found.

Regardless of the type of response, the BIE and/or BME shall remain in constant communication with
DelDOT’s TMC staff to identify or confirm incident details and locations, provide Bridge Management
response effort updates and findings, identify plans moving forward, and coordinate bridge closure or
reopening recommendations. Communication with other DelDOT entities and outside agencies shall
occur through TMC staff per established protocols.
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6.2 High Priority Road Condition Report

Bridge conditions may be reported to the Department from a variety of sources including in-house and
consultant inspectors as well as the general public and may be reported at any time of day. Any report
that involves the structural integrity of a bridge, sign structure, high mast light, dam, or dike will be
considered a High Priority Road Condition. Once a report is received by DelDOT, DelDOT District
representatives and a representative of Bridge Management must receive immediate positive contact. All
conditions must be reviewed by the representatives or a designee. Should further review or an
immediate special inspection be required, DelDOT may contact either in-house or consultant inspectors.

Work orders resulting from High Priority Road Conditions will be designated as High Priority and
distributed to the appropriate DelDOT personnel. Closure of any High Priority Work Order will require
approval by both Bridge Management and the respective District Superintendent. Bridge Management
shall update and respond to TMC and other DelDOT staff using TMC's High Priority Road Condition email
notification.

Depending on the results of the response efforts or the nature of the High Priority Road Condition Report,
an Incident Response Summary may not be required as determined by the BIE or BME. However, the
incident and response will be entered in the Incident Response Log spreadsheet for tracking purposes.
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6.3 Weather Related Event

When weather such as forecasted high wind, heavy rain, or hurricanes may result in potential on-call

inspection assignments, the BIE and/or BME will receive updates on the upcoming weather event from
TMC, the University of Delaware’s DEOS, and other sources and participate in in-house meetings and
conference calls to assess the likelihood of the event and the necessary actions to be taken. The BIE will
assemble packets for the structures and waterways that are anticipated to be affected and make contact
with in-house and consultant inspection teams to coordinate availability and confirm lines of
communication. Packets will identify bridge locations, include a copy of the most recent waterway sketch,
and provide forms and sketch sheets to document water levels, response findings, and maintenance
needs. The BIE and/or BME will keep TMC updated as to the status of Bridge Management Section’s
response, findings, and path forward for addressing potential issues if needed.

6.3.1 Rain Event

Heavy rains may affect bridges over non-tidal waterways. When flow velocity increases, scour and
substructure stability may become a concern. The BIE will determine the appropriate type and intensity
of inspection which may include visual, wading, or diving operations. Inspectors should probe the
waterway for areas of scour and undermining, including the waterway embankments. Inspectors in or
near the waterway should be aware and especially careful due to increased flow as water velocity may be
too high for safe operations, bank stability may have been compromised, and debris may have
accumulated in the waterway. Reporting and documentation shall follow the guidance discussed in 6.1.

6.3.1.1 Scour Plan of Action

Bridges with known scour concerns will have a Scour Plan of Action (POA) in place per FHWA guidelines
directing DelDOT on the appropriate actions to take during flood and high water events. Required
inspection levels will be outlined in the POA document and may include a visual inspection of
substructure units, wading and probing, and/or underwater inspection. Inspection or monitoring during
and/or after a weather event will be required if the triggers specified in the POA occur. The BIE will direct
personnel accordingly. When responding to a weather event inspectors shall complete the corresponding
Scour Critical Bridge Storm Response Form(s), refer to Appendix A for a sample of this form. The forms
are to be filled out for all SC bridges that were inspected regardless if additional damage or scour was
found. In addition, if additional scour or damage is found as part of the storm response effort, inspectors
should document areas of damage, scour and substructure movement with photographs, additional
notes, measurements, and sketches depending on the severity of the damage or scour. Inspectors shall
also provide recommendations for necessary repairs, if applicable. The BIE or BME will direct inspectors
on the appropriate reporting procedures on a case-by-case basis.

Upon completion of the storm event and bridge inspection response efforts, the BIE will create an
Incident Response Summary documenting the weather event, waterways affected, specific bridges
inspected/monitored, inspection teams and hours worked. The Incident Response Summary will include a
summary of any damage to specific bridges and anticipated follow-up actions will be included in the
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Incident Report, if applicable. In addition, the BIE will compile the Scour Critical Storm Response Forms
and any photos, inspection notes, maintenance requests, and sketches and include with the Incident
Response Summary.

6.3.2 Flood Event

Flooding can be caused by heavy rains, sustained periods of rain, unusually high tidal fluctuations, or
damage to a dam or dike. Flooding and high water can result in a variety of adverse conditions for
bridges. Inspectors should check for debris affecting the movement of the structure, damage due to
debris, and misalignment of roadway elements. If higher than normal flow velocities are a concern, probe
the waterway for areas of scour and undermining. Check that bearings are in an appropriate state of
expansion for the ambient temperature and upright, if applicable.

Any bridge closed due to a flood event shall remain closed until DelDOT’s Bridge Management Section
inspects and confirms that the bridge is safe for reopening to normal traffic.

Movable bridges with pits may flood and will first require the removal of flood waters. In addition to
structural concerns, electrical and mechanical systems submerged in flood waters should receive a full
inspection to determine damage due to water infiltration prior to conducting test openings.

Reporting and documentation shall follow the guidance discussed in 6.1.

6.3.3 Wind Event

High wind will affect tall structures, especially in open areas. IRIB is the only DelDOT-owned bridge that is
particularly susceptible to wind and will be limited or closed to traffic during certain wind events per
DelDOT’s TMC Bridge Closure Plan. The University of Delaware’s DEQOS website may be used to assist in
identifying or confirming actual wind speeds through the State for planning and response needs. If
damage is suspected due to wind, the BIE will determine the type of inspection, equipment, and access
that are required.

If necessary, inspectors should check for debris affecting the movement of the structure, damage due to
debris, and misalignment of roadway elements. The direction of wind or aerodynamic characteristics of
the structure may cause the bridge to experience uplift, unintended stress reversals, or vibrations. Bridge
components such as the cables of IRIB, tall substructure units, bearings, and attachments to the structure
should all be checked for signs of damage or misalignment. Fracture critical members and fatigue prone
details identified in the Fracture Critical Inspection procedures shall be inspected once the storm event
has subsided and it is safe for inspection personnel to access the bridge.

Any bridge closed due to a wind storm event shall remain closed until DelDOT’s Bridge Management
Section inspects and confirms that the bridge is safe for resuming normal traffic conditions.

Reporting and documentation shall follow the guidance discussed in 6.1.
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6.4 Earthquake Event

Although rare, Delaware has experienced small seismic occurrences in the past. The lateral ground forces
of an earthquake could affect bridges in a way that most structures in Delaware were not designed to
withstand. Bridges with tall and exposed substructure units, masonry foundations, rocker bearings,
fracture critical elements, and movable spans are particularly susceptible to these forces and should be
inspected following a seismic event. The BIE will collect a list of bridges with these characteristics and
disperse inspection responsibilities among in-house and consultant inspection teams per the BIE’s
discretion. Inspectors should pay particular attention to the alignment of roadway elements, movement
of the overall bridge, and the condition of the previously mentioned elements. Rocker bearings should be
upright and in an appropriate state of expansion for the ambient temperature.

Reporting and documentation shall follow the guidance discussed in 6.1.
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6.5 Traffic Impact Event

6.5.1 Vehicular Impact

Inspections following a vehicular impact event should focus on the areas of damage, the immediate
surrounding area, and any members directly or indirectly affected by the transfer of the impact loads
through the structure and/or the new load path caused by weakened or distorted members. Inspectors
should check for misalignment of roadway elements as well as movement of bearings and the overall
bridge and inspect connections and surrounding areas for distortion and cracking.

Inspectors shall review prior Incident Response Summaries and inspection reports to assist in
distinguishing prior damage from new damage, if applicable. Inspectors should document members
affected by impact or movement with photographs, notes, measurements, and sketches. Any impact
causing cracking, distortion, or failure shall be immediately communicated to the BIE or BME.

Reporting and documentation shall follow the guidance discussed in 6.1.

6.5.2 Marine Impact

Similar to a vehicular impact event, inspection following a marine impact event should focus on areas of
damage, the immediate surrounding area, members affected by transfer of loads or a new load path, and
connections. Marine impact can occur from boats, vessels, or debris striking or becoming lodged under or
against the bridge structure. Often marine impact inspections will also require a special underwater
inspection to check the condition of substructure units and foundations below the waterline. Divers
should check for deterioration, distortion, and signs of movement due to the impact.

Inspectors shall review prior Incident Response Summaries and inspection reports to assist in
distinguishing prior damage from new damage, if applicable. Inspectors shall document members
affected by impact or movement with photographs, notes, measurements, and sketches. Any impact
causing cracking, distortion, or failure shall be immediately communicated to the BIE or BME.

Reporting and documentation shall follow the guidance discussed in 6.1.
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6.6 Bomb/Terroristic Threat

In the event of a bomb or terroristic threat or executed event to a DelDOT bridge, the BIE or BME will

make contact with the appropriate in-house or consultant inspection teams. If damage occurs due to
such an event, emergency and law enforcement personnel will first assess the safety of the area.
Inspectors may be necessary to assess the structural integrity of the bridge and fully document areas of
damage once approved to do so. Inspectors should work with public safety authorities and law
enforcement to assure the safety of the area prior to and during inspection activities.

Reporting and documentation shall follow the guidance discussed in 6.1.
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Appendix A.1

Concrete Beam Sketch Sheet
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Appendix A.2

Steel Girder Sketch Sheet
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Appendix A.3

Presiressed Box Beam Sketch Sheet
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Appendix A.4

Waterway Sketch Sheet
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Appendix A.5

Under Record Sketch Sheet
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Appendix A.6

Sounding Field Report Sheet
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DelDOT Bridge Sounding Field Report Sheet

Bridge Number: Inspection Date: Inspected by:
Distance Out From Face Of Bridge Points Along Substructure Unit Distance Out From Face Of Bridge
50' 40' 30 20' 10' END 1/4 C/L 3/4 END 10 20' 30 40' 50'

Thawleg (deepest points along the channel)

0 J0J0 Je J J Jr JE J JE T T

Substructure Unit #4 =

S I ) D ) S e S

e [ [ [ JC J0C J0 J[ |

Substructure Unit #3 =

Al J JE J JE T[]

s [ [ JC JC JC JCJ[ 1

Substructure Unit #2 =

Al 0 J T ]

L I JC JC J JC J0C |

Substructure Unit#1 =

I:] = Refer to 'General Notes' about blue blank boxes

Data Measurements Input

Underclearance (Note #1) = I:‘ Abutment width (Note #7) = :l

Bottom of Abutment Footer (Note #2) = |:] Thawleg is in span# = |:]

Bottom of Abutment Piles (Note #3)= [ | Pier width (Note #8) = [ |

Bottom of Pier Footer (Note #4) = |:] Number of Spans of Bridge = |:]
Bottom of Pier Piles (Note #5)= [ |

Direction looking from Sub. Unit #1

Abutment sheeting bottom (Note #6) = 0 #4




Scour Sounding Sheet Notes & Guidelines

General Notes & Guidelines

Note A:

Note B:

Note C:

Note D:

Note E:

If bridge has more than three spans, then only take soundings along the three main waterway spans. If only one
main waterway span exists, then take the approach span on either side of the main span. This might result in
Substructure Units #1 and/or 2 (as denoted on Sounding Sheet) being a Pier rather than an abutment. The
Substructure Units shall be numbered in the same order as the spans are for each bridge.

If the bridge is only one span, then use the boxes along Substructure Units #1 & 4. |f the bridge is two spans,
then use the the boxes along Substructure Units #1, 2 & 4. Inspector shall insert '0.00' In all the boxes for the
Substructure units that are not being used.

In the blue blank boxes, insert the word 'Abutment’ if that particular substructure unit is an abutment or insert
'Pier' if it is a pier. If one of the substructure units is not being used, then insert "N/A'.

All water depths are to be entered as a positive number and all depths at locations of sediment buildup are to be
entered as a negative number.

Data Measurements Notes

Note #1:

Note #2:

Note #3:

|Note #4:

Note #5:

Note #6:

Note #7:

Note #8:

Measurement location shall be marked above w/ a 'X' and subsequent inspections shall obtain measurement
from same location. Underclearance is to be measured from bottom of superstructure to actual water surface at
time of inspection.

Input '999' if substructure unit is a Pier or if abutment doesn't have a footer and input '990" if footer location is
unknown. Measurement shall be taken referenced from the same point as the underclearance location.

Input a value of '999' if abutment doesn't have piles or if substructure unit is a pier and input '990' if pile tip
elevation is unknown. Measurement shall be taken referenced from the same point as the underclearance

location.

Input a value of '999' if bridge is one span or if pier does not have footer and input '990' if pier footer location is
unknown. Measurement shall be taken referenced from the same point as the underclearance location.

Input a value of '999' if bridge is one span or if pier does not have piles and input '990' if pier pile tip elevation is
unknown. Measurement shall be taken referenced from the same point as the underclearance location.

If none of the substructure units are abutments, then input '999'. This may be sheeting along the footer of an
abutment or the timber sheeting for a timber bridge.

If none of the substructure units are abutments, then input '0.00'

If none of the substructure units are piers, then input '0.00'



DelDOT Bridge Sounding Field Report Sheet

Bridge Number:

Distance Out From Face Of Bridge

Points Along Substructure Unit

Inspection Date: »2-20-/5

Inspected by:

Distance Out From Face Of Bridge

40 30 20' 10' END

114 CiL 3/4 END

10

20

30

40

S0

Thalweg (deepest points along the channel)

A balbefr o flie |18

182 |85 [[ezi[8o][=a]]

II-\I

Spillway Location from "END" of Substructure Unit=| | i

7

o

Spiliway height (underclearance measurement - distance from water surface to top of spiliway) =

\ //\ Substructura Unit #4 =
Dol oo o] o) o] ad Lee |
B | | | | | | | | | [ | REEE
Substructure Unit#3=|
Allelerleo)ealEgz el |
B | A | | | | | | | | | 47 ]
Substructure Unit #2 =
A[=7]] | | | | I | | | | |
2 lleallrolEalls s ][]
Substructure Unit#1 =| |

:l = Refer to 'General Notes' about blue blank boxes

Data Measurements Input

Underclearance (Note #1) = :l

_Bottom of Abutment Footer (Note #2) = I:l
Length of Abutment Piles (Note #3) = :l
Bottom of Pier Footer (Note #4) = :’

Length of Pier Piles (Note #5)= [ /5 |

Abutment sheeting bottom (Note #6) =

Direction looking from Sub. Unit #1
to#d=

Abutment width (Note #7)= [~ |
Thalweg is in span# = I:l

Pier width (Note #8)= [ |
Number of Spans of Bridge = I:l

Datum (Note #E) |
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Rocker Bearing Measurement Sheet
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DELAWARE
DEPARTMENT OF TRANSPORTATION

ROCKER BEARING
MEASUREMENT SHEET

BRIDGE:

NOTES:

¢ ENSURE ANGLE IS MEASURED PARALLEL TO

CENTERLINE OF ROCKER
¢ ANGLE MAY NEED TO BE TAKEN INDEPENDENT OF
A BEARING ELEMENT IF BEARING HAS TAPERED
SIDES (EX. TAPERED FLANGE)
¢ ANGLE MUST BE MEASURED FROM VERTICAL
(0° = NEUTRAL)
* MEASURE IN DEGRESS

BEAM

Span

Pier

Beam

Angle

Temp

Exp/
Cont

Comments

INSPECTED BY:

DATE:
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Critical Bridge Action Form
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DELAWARE DEPARTMENT OF TRANSPORTATION
BRIDGE MANAGEMENT SECTION

CRITICAL BRIDGE ACTION FORM

(Original copy to be filed in Bridge Folder)

BRIDGE NO. onROADNO. in  County

The Critical Bridge Action Form is intended to document critical deficiencies found on a
bridge, which requires immediate action.

Description of Deficiency:

Proposed Actions:

An immediate Load Posting

An immediate Closure of one or more traffic lanes
An immediate Closure of the Bridge to all traffic
Other Action:

[

If Bridge is of NBI Length, FHWA shall be notified (v) ]

The Bridge Managment Engineer shall send a copy of this form to the appropriate District
Engineer. If the structure meets the minimum length requirement of NBIS, then the Division
office of FHWA shall also receive copies.

Bridge Management Engineer Signature: Date:  /_ /

Assistant Director, Bridge Signature: Date: ___/___/
Chaf : 5/16/14




DELAWARE DEPARTMENT OF TRANSPORTATION
BRIDGE MANAGEMENT SECTION

CRITICAL BRIDGE ACTION FORM

{Original copy to be filed in Bridge Folder)

BRIDGE NO. 680 on ROAD NO. 006 in New Castle County

The Critical Bridge Action Form is intended to document critical deficiencies found on a
bridge, which requires immediate action.

Description of Deficiency:

A TMC High Priority Road Condition Report was issued on Tuesday, March 24th around
10:30 am for bridge 1-680. A 1.5’ diameter area of the concrete bridge deck in the right-
hand southbound lane in the center span had failed/punched-through. Bridge
Management met with Canal District personnel, Wayne Hamilton and North District’s
Structure Maintenance Contractor (EHS) to discuss repair & lane closure options. It was
decided that both southbound lanes on the bridge as well as the ramp lane from SR141
southbound to US13 northbound will be closed until repairs can be made. EHS will be
placing shielding underneath the punch-thru area during the everung of the 24™ and then
will start first thing in the morning of the 25™ in making deck repalrs It is expected to
have the lane closure in place for two weeks. Once the deck repairs are completed,
shielding will be placed underneath the southbound lanes over the US13 north &
southbound and ramp lanes to prevent future punch-thru debris from falling on traffic
undemeath the bridge.

Proposed Actions:
1. Animmediate Load Posting O
2. Animmediate Closure of one or more traffic lanes X
3. An immediate Closure of the Bridge to all traffic O
4. Orher Action: <

Once repairs have been completed, the bridge will be opened back up to full traffic. The bridge is
currently Structurally Deficient and will remain so once the repairs are completed. Bridge Design
currently has a project to replace the entire bridge and it is currently programmed for FY18-19.

If Bridge is of NBI Length, FHWA shall be notified (v) [X

The Bridge Managment Engineer shall send a copy of this form to the appropriate District
Engineer. If the structure meets the minimum length requirement of NBIS, then the Division
office of FHWA shall also receive copies.

Bridge Management Engineer Signature: Date: l / E/ /S

Assistant Director, Bridge Signature: /? = UQ" Date: 3 /2857 %

Chaf - 5/16/14
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Bridge Management Section
Maintenance of Traffic Request & Notification Form

™ DISTRICT
North Canal Central South
O O ® O
™ CONTACT INFORMATION
Bridge Mgmt. Contact: | Nate Draper - Cell Phone #: | 562-819 -
Team Leader 800MHz call sign: BR-8 : Office Phone #: | 760-2314 v

[~ REQUESTED DATE & TIME for MOT

Number of Days of MOT Being Requested: :

1

Date Requested: 10 / 13 to 10 / 13 / 2015

Rain Date Requested: 10 / 14 to 10 / 14 [/ 2015

Inspection Start Time: 9:00 AM v Inspection Finish Time: | 3:00 PM v |

[~ Location for MOT
Bridge #: 2-024A Road #: 24 Road Name: Dupont Hwy / US13

Feature Intersected: St. Jones River

Road that traffic control will be utilized for: Dupont Hwy / US13 Southbound & Northbound

Nearest Roadway Intersection Before Bridge: Public Safety Blvd
(along the road that the traffic control is required)

Nearest Roadway Intersection After Bridge: South State St
(along the road that the traffic control is required)
ADC Map & Coordinates (county, map# & coordinates): KC 17-H7
Ex. (NC 18-K6 for the C&D Canal Bridge)

[~ Description of MOT Being Requested
Type of Inspection: uBlv Bucket Truck [

Lane Closure Required: | Right Lane v Shoulder Closure Required: | Right Shoulder v

TMA to be SUPPLIED BY THE DISTRICT and set up directly behind the UBIV or Bucket Truck at all
times. Portable Arrow Board required at taper. Sufficient number and placement of cones is
required to maintain safe work zone. Advanced warning signs are required.

Special Instructions:

Setup will be US13 SB first, then procedd to to US13NB.







BRIDGE INSPECTION MANUAL

Appendix A.10

NBI Inventory Forms

2020



2020



Bridge Number:

Date of NBI Assessment:

NBI Assessment Performed BY:

NBI Item #

Coding or
Data
Determined
in the Office

Coding or Data

Determined or

Verified Out In
the Field

Inspector Notes

1 - State Code

2 - Highway Agency District

3 - County (Parish) Code

4 - Place Code

5A - Record Type

5B - Route Signing Prefix

5C - Designated Level of Service

5D - Route Number

5E - Directional Suffix

6A - Features Intersected

6B - Critical Facility

7 - Facility Carried by Structure

8 - Structure Number

9 - Location

10 - Inventory Route, Minimum Vertical Clearance

11 - Milepoint (kilometer point)

12 - Base Highway Network

13A - LRS Inventory Route Number

13B - Subroute Number

19 - Bypass, Detour Length

20 - Toll

21 - Maintenance responsibility

22 - Owner

26 - Functional Class

27 - Year Built

28A - Lanes on Structure

28B - Under the Structure

29 - Average Daily Traffic

30 - Year Of ADT

32 - Approach Roadway width

33 - Bridge Median

34 - Skew

35 - Structure flared

36A - Bridge railings

36B - Transitions

36C - Approach Guardrail

36D - Approach guardrail Ends

37 - Historical Significance

38 - Navigation Control

39 - Navigation Vertical Clearance

40 - Navigation Horizontal Clearance

42A - Type of Service on Bridge

42B - Type of Service under bridge

43A - Main Span Material Type

43B - Main Span Design Type




NBI Item #

Coding or
Data
Determined
in the Office

Coding or Data

Determined or

Verified Out In
the Field

Inspector Notes

44A - Approach Span Material Type

44B - Approach Span Design Type

45 - Number of Main Spans

46 - Number of Approach spans

47 - Horizontal Clearance for Inventory route

48 - Max Span Length

49 - Structure length

50A - Left Curb/Sidewalk Width

50B - Right Curb/Sidewalk Width

51 - Bridge Roadway Width (Curb-to-Curb)

52 - Deck Width, Out-to-Out

53 - Minimum Vertical Clearance Over Bridge

54A - Reference Feature

54B - Minimum Vertical Underclearance

55A - Reference feature

55B - Minimum Lateral Underclearance, on right

56 - Minimum Lateral Underclearance, on left

58 - Deck Condition rating

59 - Superstructure Condition Rating

60 - Substructure Condition Rating

||61 - Channel Condition rating

62 - Culvert Condition rating

71 - Waterway Adequacy

72 - Approach roadway Alignment

90 - Inspection date

91 - Inspection Frequency

98A - Border bridge, State

98B - Border Bridge region

98C - Border Bridge, % Responsibility

99 - Border bridge Structure Number

100 - STRAHNET Highway

101 - Parallel Structure Designation

102 - Direction of Traffic

103 - Temporary Structure Designation

104 - NHS Highway System

105 - Federal Lands Highways

106 - Year Reconstructed

107 - Deck Structure Type

108A - Wearing Surface Type

108B - Type of membrane

108C - Deck Protection

109 - Truck Traffic %

110 - Designated National TruckNetwork

111 - Pier or Abutment Protection For Navigation

112 - NBIS Length bridge

116 - Minimum Vertical Clearance for Lift Bridges




Bridge Number:

Date of NBI Assessment:

NBI Assessment Performed BY:

NBI Item #

Coding or
Data
Determined
in the Office

Coding or Data

Determined or

Verified Out In
the Field

Inspector Notes

Name of Structure (Inventory-ID/Admin)

On/Off Agency System (Inventory-ID/Admin)

Agency Admin Area (Inventory-ID/Admin)

Deck Area (inventory-Design)

Total Length (Inventory-Design)

Roadway/Route Name (Inventory-Roads)

# of Medians (Inventory-Roads)

Roadway Speed Limit(Inventory-Roads)

ADT Class (Inventory-Roads)

Detour Speed Limit(Inventory-Roads)

Fracture Critical Details (Inventory-Classification)

UBIV Inspection Date (Agency-Bridge)

UBIV Days (Agency-Bridge)

Pier 1(Agency-Bridge)

Pier 2 (Agency-Bridge)

Pier Ftg 1 (Agency-Bridge)

Pier Ftg 2 (Agency-Bridge)

Abut 1(Agency-Bridge)

Abut Ftg 1 (Agency-Bridge)

Abut 2 (Agency-Bridge)

Abut Ftg 2 (Agency-Bridge)

Contract 1 (Agency-Bridge)

Contract 2 (Agency-Bridge)

Contract 3 (Agency-Bridge)

Contract 4 (Agency-Bridge)

Contract 5 (Agency-Bridge)

Contract 6 (Agency-Bridge)




Bridge Number: Date of NBI Assessment: NBI Assessment Performed BY:

Under Record #: Under Record Maintenance Rd. #: Under Record Roadway Name:

Coding or | Coding or Data
Data Determined or
NBI ltem # Determined | Verified Out In Inspector Notes

in the Office the Field

Roadway/Route Name (Inventory-Roads)

# of Medians (Inventory-Roads)

ADT Class (Inventory-Roads)

Detour Speed Limit(Inventory-Roads)

Speed (mph)

5A - Record Type

||SB - Route Signing Prefix

"50 - Designated Level of Service

||5D - Route Number

||5E - Directional Suffix

6B - Critical Facility

10 - Inventory Route, Minimum Vertical Clearance

11 - Milepoint (kilometer point)

12 - Base Highway Network

13A - LRS Inventory Route Number

13B - Subroute Number

19 - Bypass, Detour Length

20 - Toll

26 - Functional Class

# of Lanes

29 - Average Daily Traffic

30 - Year Of ADT

32 - Approach Roadway width

47 - Horizontal Clearance for Inventory route

100 - STRAHNET Highway

102 - Direction of Traffic

104 - NHS Highway System

105 - Federal Lands Highways

109 - Truck Traffic %

110 - Designated National Truck Network
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Bridge 1-680
Incident Response Log

Date: September 2, 2015

Description of Incident: Bridge 1-680 carries traffic on SR141 over US13 in the New Castle area. The
incident occurred as a roll back hauling a small crane had struck the bridge while
traveling in the center northbound through lane.

Personnel Log

Date: September 2, 2015
Personnel/Hours:  Calvin Weber = 3.5 hours

Activities:  Calvin Weber responded after being contacted by TMC at ~4pm on September 2, 2015. Calvin
drove up in his personal vehicle from home and inspected the damaged area. A small area of
loose concrete in the sidewalk overhang soffit above the beam impacted was removed for safety
concerns for motorists. Only minor scrapes were found and the structural capacity had not been
affected. Therefore, US13 was reopened to full traffic.

The following pages include photos with their descriptions taken by the inspector after the accident:



South Fascia Beam in Northbound direction along US13

South Fascia Beam in Northbound direction along US13
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QUALITY CONTROL INSPECTION REPORT REVIEW

I DATE OF BRIDGE INSPECTION ENGINEER REVIEW =| I I IN-HOUSE OR CONSULTANT INSPECTION TEAM:| IN-HOUSE
BRIDGE NUMBER: INSPECTION DATE: INSPECTION TEAM:
ITEM DESCRIPTION RESOLUTION DATE

PONTIS ELEMENTS

PONTIS CONDITION
STATES

NBI ITEMS
#58, 59, 60, 61 & 62

NBI RATING OF A '4'

NBI DATA

WRITTEN REPORT
PORTION OF
UNDERWATER REPORT

UNDERWATER REPORT
SOUNDING PLAN

SCOUR SKETCH SHEET

SCOUR SOUNDING
SHEET

UNDER RECORD
SKETCH

BEAM SKETCH
SHEET(S)

PHOTOS

MAXIMO WORK
ORDERS

MISC.

FOLLOW-UP ACTIONS
IDENTIFIED

= SIGNIFIES THAT ACTION IS STILL NEEDED AS A RESULT OF MISSING DATA OR ERRORS THAT NEED TO BE ADDRESSED BY THE
BRIDGE INSPECTION TEAM AND/OR TEAM LEADER

= SIGNIFIES THAT AN ERROR WAS FOUND DURING THE QC REPORT REVIEW AND WAS CORRECTED DURING THE REVIEW

= SIGNIFIES THAT SOME CLARIFICATION OR DISCUSSION NEEDS TO TAKE PLACE TO CONFIRM THE ISSUE
(NOT NECESSARILY A NEGATIVE THING)

= SIGNIFIES THAT ACTION IS NEEDED BY THE BRIDGE INSPECTION TEAM AND/OR TEAM LEADER, BUT IS NOT THE RESULT OF AN
ERROR OR MISSING DATA



QUALITY CONTROL INSPECTION REPORT REVIEW

I DATE OF BRIDGE INSPECTION ENGINEER REVIEW =| 4!11rzu12| I IN-HOUSE OR CONSULTANT INSPECTION TEAM:l IN-HOUSE I
| BRIDGE NUMBER:l 1-052 | IINSPECﬂDN DATE:l nznz | | INSPECTION TEAM:l GM & JM ]
ITEM DESCRIPTION RESOLUTION DATE
|Element #330 should have been a #334 as per Fontis Manual 41112

PONTIS ELEMENTS

PONTIS CONDITION

STATES [Good - no problems noted

NBI ITEMS

#58, 59, 60, 61 & 62 Not sure that a rating of a "6" is appropriate - need to discuss 41912

NE| RATING OF A '4" [N/A

(Good - no problems noted
NBI DATA

WRITTEN REPORT
PORTION OF N/ - This was not an underwater inspection
UNDERWATER REPORT)

UNDERWATER REPORT

SOUNDING PLAN N/A - This was net an underwater inspection

SCOUR SKETCH SHEET [Missing underclearance measurement - need to get 42112
SCOUZ[?EO;_NDING A
BEAM SKETCH WA
SHEET(S)
PHOTOS (Good - no problems noted

MAXIMO WORK Go ahead and place a work order in Maximo to have the guardrail repaired roughly 30' from the NE corner of

ORDERS jthe bridge 41912
MiscC, (NIA
FOLLOW-UP ACTIONS ha
IDENTIFIED

= SIGNIFIES THAT ACTION IS STILL NEEDED AS A RESULT OF MISSING DATA OR ERRORS THAT NEED TO BE ADDRESSED BY THE
BRIDGE INSPECTION TEAM AND/OR TEAM LEADER

= SIGNIFIES THAT AN ERROR WAS FOUND DURING THE QC REPORT REVIEW AND WAS CORRECTED DURING THE REVIEW

= SIGNIFIES THAT SOME CLARIFICATION OR DISCUSSION NEEDS TO TAKE PLACE TC CONFIRM THE ISSUE
(NOT NECESSARILY A NEGATIVE THING)

= SIGNIFIES THAT ACTION |S NEEDED BY THE BRIDGE INSPECTION TEAM AND/OR TEAM LEADER, BUT ISNOT THE RESULT OF AN
ERROR OR MISSING DATA

Revision 1, 3/22/2013 Appendix A, Agreement 1612 PMP
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QUALITY ASSURANCE INSPECTION REVIEW REPORT: OFFICE REVIEW

DATE OF BRIDGE INSPECTION ENGINEER REVIEW =|

| | IN-HOUSE OR CONSULTANT INSPECTION TEAM:|

BRIDGE NUMBER: INSPECTION DATE:

INSPECTION TEAM:

Inspection File Review Checklist

INSPECTION REPORT

INSPECTION FILE

ITEM

INCLUDED

ITEM

INCLUDED

FINALIZED SDR:

PLANS:

PONTIS MSPE SHEETS:

LOAD RATING:

BEAM SKETCH SHEETS:

LOAD POSTING RESOLUTION:

OTHER SKETCHES OR TABLES:

VERT. CLEARANCE POSTING RESOLUTION:

NDT INSPECTION REPORT:

INSPECTION REPORTS:

UNDER RECORD SUMMARY & SKETCH:

SCOUR PLAN OF ACTION:

SCOUR INFO & WATERWAY SKETCH:

HYDROLOGIC & HYDRAULIC ANALYSIS:

SCOUR SOUNDING PROFILES:

LATEST UNDERWATER INSP. REPORT:

PHOTO REPORT:

UNDERWATER INSPECTION PROCEDURES:

MAXIMO MAINTENANCE HISTORY:

FRACTURE CRITICAL INSP. PROCEDURES:

BRIDGE REHAB PROJECT SUMMARY:

FRACTURE CRITICAL DETAIL SHEET(S):

TEAM LEADER SIGNATURE & DATE:

COMPLEX BRIDGE INSP. PROCEDURES:

REPORT ASSEMBLED CORRECTLY:

FILE ASSEMBLED CORRECTLY:

INSPECTION REPORT & FILE
COMMENTS:

Inspection Report Review

ITEM

DESCRIPTION OF DESCREPENCY

RESOLUTION DATE

PONTIS ELEMENTS

PONTIS CONDITION
STATES

NBI ITEMS
#58, 59, 60, 61 & 62

NBI RATING OF A4’

NBI DATA

WRITTEN REPORT
PORTION OF
UNDERWATER REPORT

UNDERWATER REPORT
SOUNDING PLAN

SCOUR SKETCH SHEET

SCOUR SOUNDING
SHEET

UNDER RECORD
SKETCH

BEAM SKETCH
SHEET(S)

PHOTOS

MAXIMO WORK
ORDERS

MISC.

FOLLOW-UP ACTIONS
IDENTIFIED




QUALITY ASSURANCE INSPECTION REVIEW REPORT: FIELD REVIEW

| DATE OF QA TEAM FIELD REVIEW =| | | IN-HOUSE OR CONSULTANT INSPECTION TEAM:|
BRIDGE NUMBER: INSPECTION DATE: INSPECTION TEAM:

PONTIS ELEMENTS

PONTIS CONDITION
STATES

NBI ITEMS
#58, 59, 60, 61 & 62

NBI RATING OF A4’

NBI DATA

WRITTEN REPORT
PORTION OF
UNDERWATER REPORT

UNDERWATER REPORT
SOUNDING PLAN

SCOUR SKETCH SHEET

SCOUR SOUNDING
SHEET

UNDER RECORD
SKETCH

BEAM SKETCH
SHEET(S)

PHOTOS

MAXIMO WORK
ORDERS

MISC.

FOLLOW-UP ACTIONS
IDENTIFIED

= SIGNIFIES THAT ACTION IS STILL NEEDED AS A RESULT OF MISSING DATA OR ERRORS THAT NEED TO BE ADDRESSED BY THE
BRIDGE INSPECTION TEAM AND/OR TEAM LEADER

= SIGNIFIES THAT AN ERROR WAS FOUND DURING THE QA FIELD REVIEW AND WAS CORRECTED DURING THE REVIEW

= SIGNIFIES THAT SOME CLARIFICATION OR DISCUSSION NEEDS TO TAKE PLACE TO CONFIRM THE ISSUE
(NOT NECESSARILY A NEGATIVE THING)

= SIGNIFIES THAT ACTION IS NEEDED BY THE BRIDGE INSPECTION TEAM AND/OR TEAM LEADER, BUT IS NOT THE RESULT OF AN
ERROR OR MISSING DATA



QUALITY ASSURANCE INSPECTION REVIEW REPORT: OFFICE REVIEW

I DATE OF BRIDGE INSPECTION ENGINEER REVIEW =I12!11.ﬂ2012| I IN-HOUSE OR CONSULTANT INSPECTION TEAN'E:l IN-HOUSE I

| BRIDGENUMBER:' 1-052 | |INSPECTION DATE.’l aMzn2 | | INSFECTIDNTEAM:' GM & JM |

Inspection File Review Checklist

INSPECTION REPORT INSPECTION FILE
ITEM INCLUDED ITEM INCLUDED
FINALIZED SDR:|YES PLANS:|YES
PONTIS MSPE SHEETS:|YES LOAD RATING:|YES
BEAM SKETCH SHEETS:|YES LOAD POSTING RESOLUTIOMN:|N/A
OTHER SKETCHES OR TAELES: |N/A VERT. CLEARANCE POSTING RESOLUTION:|N/A
NDT INSPECTION REPORT:|N/A INSPECTION REPORTS:|YES
UNDER RECORD SUMMARY & SKETCH:|N/A SCOUR PLAN OF ACTION:|N/A
SCOUR INFO & WATERWAY SKETCH: |YES HYDROLOGIC & HYDRAULIC ANALYSIS:|N/A
SCOUR SOUNDING PROFILES:|YES LATEST UNDERWATER INSP. REPORT: |N/A
PHOTO REFORT:|YES UNDERWATER INSPECTION PROCEDURES:|N/A
MAXIMO MAINTENANCE HISTORY:|YES FRACTURE CRITICAL INSP. PROCEDURES:|N/A
BRIDGE REHAB PROJECT SUMMARY:|N/A FRACTURE CRITICAL DETAIL SHEET{S):|N/A
TEAM LEADER SIGNATURE & DATE:|NO COMPLEX BRIDGE INSP. PROCEDURES:|N/A
REPORT ASSEMELED CORRECTLY:|YES FILE ASSEMBLED CORRECTLY:|YES
INSPECTION REPORT & FILE
COMMENTS: TEAM LEADER SIGNED THE REPORT ON 121212
Inspection Report Review
ITEM L DESCRIPTION OF DESCREPENCY RESOLUTION DATE
Element #'330 should have been a 534 as per Pontis Manual 121112

PONTIS ELEMENTS

PONTIS CONDITION

STATES {Good - no problems noted

NBI ITEMS

#58, 59, 60, 61 & 62 [Good - no problems noted

NE| RATING OF A 4" [N/A

NEI DATA (Good - no problems noted

WRITTEN REPORT
PORTION OF NfA - This was not an underwater inspection
UNDERWATER REPORT)

UNDERWATER REPORT
SOUNDING PLAN

M/A - This was not an underwater inspection

SCOUR SKETCH SHEET |Missing underclearance measurement - need to get 12H312
SCOUR SOUNDING
SHEET ps
UNDER RECORD A
SKETCH
BEAM SKETCH
NIA
SHEET(S)
PHOTOS (Good - no problems noted
MAXIMO WORK Go ahead and place a work order in Maximo to have the guardrail repaired roughly 30°' from the N/E corner of the 12012012
ORDERS bridge
MISC, NAA
FOLLOW-UP ACTIONS /A
IDENTIFIED
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QUALITY ASSURANCE INSPECTION REVIEW REPORT: FIELD REVIEW

| DATE OF QA TEAM FIELD REVIEW =|12/12/2012] | IN-HOUSE OR CONSULTANT INSPECTION TEAM| IN-HOUSE |

| amneenumsen:l 1-052 | IINSPECHON DATE:l 3212 ] | INSPECT]ONTEAM:] GM & JM |

ITEM DESCRIPTION IRESOLUTION DATE

Good - no problems noted

PONTIS ELEMENTS

PONTIS CONDITION

STATES Good - no problems noted

NBIITEMS

t sure it atg" ) . .
458, 59, 60, 61 & 62 Mot sure that a rating of a "6 is appropriate - need to discuss 12312

NBI RATING OF A'4' [NiA

NBI DATA Good - no problems noted

WRITTEN REPORT
PORTION OF M/A - This was not an underwater inspection
UNDERWATER REPORT)

UNDERWATER REPORT]

SOUNDING PLAN /A - This was not an underwater inspection

SCOUR SKETCH SHEET|Good - no problems noted

SCOUR SOUNDING

SHEET kil
UNDER RECORD NIA
SKETCH
BEAM SKETCH
MR
SHEET(S)
PHOTOS Good - no problems naoted

MAXIMO WORK

ORDERS Good - no problems noted

MiscC. N IA

FOLLOW-UP ACTIONS
IDENTIFIED

= SIGNIFIES THAT ACTION 1S STILL NEEDED AS A RESULT OF MISSING DATA OR ERRORS THAT NEED TO BE ADDRESSED BY THE
BRIDGE INSPECTION TEAM AND/OR TEAM LEADER

= SIGNIFIES THAT AN ERROR WAS FOUND DURING THE QA FIELD REVIEW AND WAS CORRECTED DURING THE REVIEW

= SIGNIFIES THAT SOME CLARIFICATION OR DISCUSSION NEEDS TO TAKE PLACE TO CONFIRM THE ISSUE
(NOT NECESSARILY A NEGATIVE THING)

= SIGNIFIES THAT ACTION IS NEEDED BY THE BRIDGE INSPECTION TEAM AND/OR TEAM LEADER, BUT IS NOT THE RESULT OF AN
ERROR OR MISSING DATA

Revision 1, 3/22/2013 Appendix A, Agreement 1612 PMP



BRIDGE INSPECTION MANUAL

Appendix A.14

Joint Measurement Sheet

2020



2020



DELAWARE
& JOINT MEASUREMENT SHEET BRIDGE:
DEPARTMENT OF TRANSPORTATION

Date:

Inspectors:

Location:

Temp (°F):

Left Gap ("):

Right Gap ("):

Comments:

Location:

Temp (°F):

Left Gap ("):

Right Gap ("):

Comments:

Location:

Temp (°F):

Left Gap ("):

Right Gap ("):

Comments:

Location:

Temp (°F):

Left Gap ("):

Right Gap ("):

Comments:

Location:

Temp (°F):

Left Gap ("):

Right Gap ("):

Comments:

Note: Joints are measured at solid lines unless a comment states otherwise. Left and right is determined by looking from span 1 and towards
increasing roadway stationing.







BRIDGE INSPECTION MANUAL

Appendix A.15

Other Sketches and Miscellaneous Documentation Examples
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FORM
NO. 42

Pennoni Associates Inc.

JOB NO. DPOT o)
Consulting Engineers SHEET | OF | DATE
PROJECT PoeT +  BR. |-8I4-p09 BY: PAS WA 19
SUBJECT CPAN | LosS ©F Geaning CHKD JAQ \2/ L /1S
ORGINAL BRG AREA= 220 i | \wEST PiER SPan | BEARING PEPISTALS
o & NT.S
pao #+4
¢! UPDATED
0 LONS
f ,|'_. 5'/'zIl

Loss [iv]| 1.6 1® _(NC-1s) 451 (NGS)
[oF 8eix| Pol| 20,1 % 203 %
Pap *5 PRD# 6___
qﬂ
F= 11 T
F ¢ ol
o |
e
2 20 1.
:Oﬂd I g S y ‘( "
Cow . LR 1
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CGEND
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]
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53.627%

146 (NCag)
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FORM
NO. 42

Pennoni Associates Inc. JOB NO.

Consulting Engineers SHEET OF DATE
PROJECT BR1DGE \bRo - ImPACT DAMAarE measSulémevrs |BY: RIM 5/30/ 14
SUBJECT Sear] H , fehm | wesT Ecevatond CHK'D
¢ 8r6
ETiFF
| T
I

N

PER 2
CAP

¥ TAKEN @ RePyR ALATE

©
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